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Objectives: The aims of this study were to (i) evaluate the efficacy of 
phoneme discrimination training for hearing and cognitive abilities of 
adults aged 50 to 74 years with mild sensorineural hearing loss who 
were not users of hearing aids, and to (ii) determine participant com-
pliance with a self-administered, computer-delivered, home- and game-
based auditory training program.
Design: This study was a randomized controlled trial with repeated mea-
sures and crossover design. Participants were trained and tested over 
an 8- to 12-week period. One group (Immediate Training) trained during 
weeks 1 and 4. A second waitlist group (Delayed Training) did no training 
during weeks 1 and 4, but then trained during weeks 5 and 8. On-task 
(phoneme discrimination) and transferable outcome measures (speech 
perception, cognition, self-report of hearing disability) for both groups 
were obtained during weeks 0, 4, and 8, and for the Delayed Training 
group only at week 12.
Results: Robust phoneme discrimination learning was found for 
both groups, with the largest improvements in threshold shown for 
those with the poorest initial thresholds. Between weeks 1 and 4, the 
Immediate Training group showed moderate, significant improvements 
on self-report of hearing disability, divided attention, and working mem-
ory, specifically for conditions or situations that were more complex and 
therefore more challenging. Training did not result in consistent improve-
ments in speech perception in noise. There was no evidence of any test-
retest effects between weeks 1 and 4 for the Delayed Training group. 
Retention of benefit at 4 weeks post-training was shown for phoneme 
discrimination, divided attention, working memory, and  self-report of 
hearing disability. Improved divided attention and reduced self-reported 
hearing difficulties were highly correlated.
Conclusions: It was observed that phoneme discrimination training ben-
efits some but not all people with mild hearing loss. Evidence presented 
here, together with that of other studies that used different training 
stimuli, suggests that auditory training may facilitate cognitive skills that 
index executive function and the self-perception of hearing difficulty in 
challenging situations. The development of cognitive skills may be more 
important than the development of sensory skills for improving commu-
nication and speech perception in everyday life. However, improvements 
were modest. Outcome measures need to be appropriately challenging 
to be sensitive to the effects of the relatively small amount of training 
performed.
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INTRODUCTION
฀A฀u฀d฀i฀t฀o฀r฀y฀฀ ฀l฀e฀a฀r฀n฀i฀n฀g฀,฀฀ ฀d฀e฀i฀n฀e฀d฀฀ ฀a฀s฀฀ ฀i฀m฀p฀r฀o฀v฀e฀d฀฀ ฀l฀i฀s฀t฀e฀n฀i฀n฀g฀฀ ฀t฀h฀r฀o฀u฀g฀h฀฀
฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀(฀M฀o฀o฀r฀e฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀0฀9฀)฀,฀฀ ฀h฀a฀s฀฀ ฀b฀e฀e฀n฀฀ ฀u฀s฀e฀d฀฀ ฀s฀i฀n฀c฀e฀฀ ฀t฀h฀e฀฀ ฀1฀9฀5฀0฀s฀฀
฀a฀s฀฀ ฀a฀฀ ฀c฀l฀i฀n฀i฀c฀a฀l฀฀ ฀i฀n฀t฀e฀r฀v฀e฀n฀t฀i฀o฀n฀฀ ฀a฀i฀m฀e฀d฀฀ ฀a฀t฀฀ ฀i฀m฀p฀r฀o฀v฀i฀n฀g฀฀ ฀c฀o฀m฀m฀u฀n฀i฀c฀a-
฀t฀i฀o฀n฀฀ ฀a฀b฀i฀l฀i฀t฀i฀e฀s฀฀ ฀i฀n฀฀ ฀p฀e฀o฀p฀l฀e฀฀ ฀w฀i฀t฀h฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀l฀o฀s฀s฀฀ ฀(฀B฀a฀m฀f฀o฀r฀d฀฀ ฀1฀9฀8฀1฀)฀.฀฀
฀T฀h฀e฀฀฀a฀d฀v฀e฀n฀t฀฀฀i฀n฀฀฀t฀h฀e฀฀฀m฀i฀d฀฀฀1฀9฀9฀0฀s฀฀฀o฀f฀฀฀c฀o฀m฀m฀e฀r฀c฀i฀a฀l฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀
฀p฀r฀o฀g฀r฀a฀m฀s฀,฀฀ ฀s฀u฀c฀h฀฀ ฀a฀s฀฀ ฀F฀a฀s฀t฀฀ ฀F฀o฀r฀W฀o฀r฀d฀฀ ฀f฀o฀r฀฀ ฀c฀h฀i฀l฀d฀r฀e฀n฀฀ ฀w฀i฀t฀h฀฀ ฀l฀a฀n฀g฀u฀a฀g฀e฀-
฀b฀a฀s฀e฀d฀฀ ฀l฀e฀a฀r฀n฀i฀n฀g฀฀ ฀i฀m฀p฀a฀i฀r฀m฀e฀n฀t฀s฀฀ ฀(฀T฀a฀l฀l฀a฀l฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀1฀9฀9฀6฀)฀,฀฀ ฀p฀r฀o฀v฀i฀d฀e฀d฀฀
฀w฀i฀d฀e฀s฀p฀r฀e฀a฀d฀,฀฀ ฀฀c฀o฀s฀t฀-฀e฀f฀f฀e฀c฀t฀i฀v฀e฀,฀฀ ฀e฀a฀s฀y฀-฀t฀o฀-฀d฀e฀l฀i฀v฀e฀r฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀s฀o฀l฀u฀t฀i฀o฀n฀s฀฀
฀t฀h฀a฀t฀฀ ฀c฀o฀u฀l฀d฀฀ ฀b฀e฀฀ ฀t฀a฀i฀l฀o฀r฀e฀d฀฀ ฀t฀o฀฀ ฀s฀u฀i฀t฀฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀฀ ฀n฀e฀e฀d฀s฀฀ ฀f฀o฀r฀฀ ฀h฀o฀m฀e฀฀ ฀u฀s฀e฀.฀฀
฀T฀h฀i฀s฀฀฀i฀n฀฀฀t฀u฀r฀n฀฀฀p฀r฀o฀m฀o฀t฀e฀d฀฀฀a฀฀฀p฀r฀o฀l฀i฀f฀e฀r฀a฀t฀i฀o฀n฀฀฀o฀f฀฀฀r฀e฀s฀e฀a฀r฀c฀h฀฀฀o฀n฀฀฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l-
฀i฀z฀e฀d฀,฀฀ ฀฀c฀o฀m฀p฀u฀t฀e฀r฀-฀g฀e฀n฀e฀r฀a฀t฀e฀d฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀a฀n฀d฀฀ ฀l฀e฀a฀r฀n฀i฀n฀g฀.฀฀฀T฀h฀e฀฀
฀g฀e฀n฀e฀r฀a฀l฀฀ ฀a฀i฀m฀฀฀o฀f฀฀ ฀t฀h฀e฀฀฀r฀e฀s฀e฀a฀r฀c฀h฀฀฀w฀a฀s฀฀฀t฀o฀฀฀u฀n฀d฀e฀r฀s฀t฀a฀n฀d฀฀฀t฀h฀e฀฀฀u฀n฀d฀e฀r฀l฀y฀i฀n฀g฀฀
฀p฀r฀i฀n฀c฀i฀p฀l฀e฀s฀฀ ฀a฀n฀d฀฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀s฀฀ ฀o฀f฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀i฀n฀฀ ฀n฀o฀r฀m฀a฀l฀l฀y฀฀
฀h฀e฀a฀r฀i฀n฀g฀฀฀l฀i฀s฀t฀e฀n฀e฀r฀s฀฀฀(฀W฀r฀i฀g฀h฀t฀฀฀e฀t฀฀฀a฀l฀.฀฀฀1฀9฀9฀7฀;฀฀฀A฀m฀i฀t฀a฀y฀฀฀e฀t฀฀฀a฀l฀.฀฀฀2฀0฀0฀5฀,฀฀฀2฀0฀0฀6฀)฀฀
฀a฀n฀d฀฀ ฀t฀h฀e฀฀ ฀e฀f฀i฀c฀a฀c฀y฀฀ ฀o฀f฀฀ ฀s฀u฀c฀h฀฀ ฀i฀n฀t฀e฀r฀v฀e฀n฀t฀i฀o฀n฀s฀฀ ฀t฀o฀฀ ฀i฀m฀p฀r฀o฀v฀e฀฀ ฀r฀e฀c฀e฀p฀t฀i฀v฀e฀฀
฀s฀p฀e฀e฀c฀h฀฀ ฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀฀ ฀i฀n฀฀ ฀t฀h฀o฀s฀e฀฀ ฀w฀i฀t฀h฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀l฀o฀s฀s฀฀ ฀(฀F฀u฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀0฀4฀;฀฀
฀B฀u฀r฀k฀฀฀e฀t฀฀฀a฀l฀.฀฀฀2฀0฀0฀6฀;฀฀฀S฀t฀e฀c฀k฀e฀r฀฀฀e฀t฀฀฀a฀l฀.฀฀฀2฀0฀0฀6฀)฀.฀฀฀H฀o฀w฀e฀v฀e฀r฀,฀฀฀d฀e฀s฀p฀i฀t฀e฀฀฀a฀฀฀g฀r฀o฀w-
฀i฀n฀g฀฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀฀ ฀o฀f฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀p฀r฀o฀d฀u฀c฀t฀s฀฀ ฀a฀n฀d฀฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀,฀฀ ฀w฀e฀฀ ฀s฀t฀i฀l฀l฀฀ ฀h฀a฀v฀e฀฀
฀l฀i฀t฀t฀l฀e฀฀฀c฀l฀e฀a฀r฀฀฀u฀n฀d฀e฀r฀s฀t฀a฀n฀d฀i฀n฀g฀฀฀o฀f฀฀฀h฀o฀w฀฀฀e฀f฀f฀e฀c฀t฀i฀v฀e฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀i฀s฀฀
฀f฀o฀r฀฀฀i฀m฀p฀r฀o฀v฀i฀n฀g฀฀฀e฀v฀e฀r฀y฀d฀a฀y฀฀฀l฀i฀s฀t฀e฀n฀i฀n฀g฀฀฀s฀k฀i฀l฀l฀s฀.
฀A฀฀ ฀s฀y฀s฀t฀e฀m฀a฀t฀i฀c฀฀ ฀r฀e฀v฀i฀e฀w฀฀ ฀o฀f฀฀ ฀t฀h฀e฀฀ ฀l฀i฀t฀e฀r฀a฀t฀u฀r฀e฀฀ ฀(฀S฀w฀e฀e฀t฀o฀w฀฀ ฀&฀฀ ฀P฀a฀l฀m฀e฀r฀฀
฀2฀0฀0฀5฀)฀฀ ฀e฀x฀a฀m฀i฀n฀e฀d฀฀ ฀t฀h฀e฀฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀฀ ฀t฀h฀a฀t฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀i฀m฀p฀r฀o฀v฀e฀s฀฀
฀c฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀฀ ฀s฀k฀i฀l฀l฀s฀฀ ฀i฀n฀฀ ฀a฀d฀u฀l฀t฀s฀฀ ฀w฀i฀t฀h฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀l฀o฀s฀s฀.฀฀฀T฀h฀e฀฀ ฀r฀e฀v฀i฀e฀w฀฀
฀i฀d฀e฀n฀t฀i฀i฀e฀d฀฀ ฀s฀i฀x฀฀ ฀p฀e฀e฀r฀-฀r฀e฀v฀i฀e฀w฀e฀d฀฀ ฀a฀r฀t฀i฀c฀l฀e฀s฀฀ ฀p฀u฀b฀l฀i฀s฀h฀e฀d฀฀ ฀b฀e฀t฀w฀e฀e฀n฀฀ ฀1฀9฀7฀0฀฀
฀a฀n฀d฀฀ ฀1฀9฀9฀6฀,฀฀ ฀w฀h฀i฀c฀h฀฀ ฀m฀e฀t฀฀ ฀t฀h฀e฀฀ ฀f฀o฀l฀l฀o฀w฀i฀n฀g฀฀ ฀i฀n฀c฀l฀u฀s฀i฀o฀n฀฀ ฀c฀r฀i฀t฀e฀r฀i฀a฀฀ ฀(฀1฀)฀฀ ฀r฀a฀n-
฀d฀o฀m฀i฀z฀e฀d฀฀ ฀c฀o฀n฀t฀r฀o฀l฀l฀e฀d฀฀ ฀t฀r฀i฀a฀l฀s฀฀ ฀(฀R฀C฀T฀s฀)฀,฀฀ ฀n฀o฀n฀-฀R฀C฀T฀s฀,฀฀ ฀c฀o฀h฀o฀r฀t฀,฀฀ ฀a฀n฀d฀฀
฀b฀e฀f฀o฀r฀e฀/฀a฀f฀t฀e฀r฀฀฀d฀e฀s฀i฀g฀n฀s฀,฀฀฀w฀i฀t฀h฀฀฀o฀r฀฀฀w฀i฀t฀h฀o฀u฀t฀฀฀a฀฀฀c฀o฀n฀t฀r฀o฀l฀฀฀g฀r฀o฀u฀p฀,฀฀฀(฀2฀)฀฀฀a฀d฀u฀l฀t฀s฀฀
฀w฀i฀t฀h฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀l฀o฀s฀s฀,฀฀ ฀b฀u฀t฀฀ ฀n฀o฀t฀฀ ฀c฀o฀c฀h฀l฀e฀a฀r฀฀ ฀i฀m฀p฀l฀a฀n฀t฀฀ ฀u฀s฀e฀r฀s฀,฀฀ ฀(฀3฀)฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀
฀p฀a฀r฀a฀d฀i฀g฀m฀฀ ฀a฀s฀฀ ฀t฀h฀e฀฀ ฀i฀n฀d฀e฀p฀e฀n฀d฀e฀n฀t฀฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀,฀฀ ฀a฀n฀d฀฀ ฀(฀4฀)฀฀ ฀o฀u฀t฀c฀o฀m฀e฀฀ ฀m฀e฀a-












฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀฀ ฀c฀o฀m฀p฀u฀t฀e฀r฀-฀b฀a฀s฀e฀d฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀f฀o฀r฀฀ ฀a฀d฀u฀l฀t฀s฀฀ ฀w฀i฀t฀h฀฀
฀h฀e฀a฀r฀i฀n฀g฀฀ ฀l฀o฀s฀s฀฀ ฀i฀d฀e฀n฀t฀i฀i฀e฀d฀฀ ฀1฀3฀฀ ฀s฀t฀u฀d฀i฀e฀s฀฀ ฀o฀f฀฀ ฀v฀e฀r฀y฀฀ ฀l฀o฀w฀฀ ฀t฀o฀฀ ฀m฀o฀d฀e฀r฀a฀t฀e฀฀
฀s฀t฀u฀d฀y฀฀฀q฀u฀a฀l฀i฀t฀y฀฀฀(฀H฀e฀n฀s฀h฀a฀w฀฀฀&฀฀฀F฀e฀r฀g฀u฀s฀o฀n฀฀฀2฀0฀1฀3฀a฀)฀.฀฀฀Q฀u฀a฀l฀i฀t฀y฀฀฀c฀o฀n฀c฀e฀r฀n฀s฀฀
฀i฀n฀c฀l฀u฀d฀e฀d฀฀฀i฀n฀a฀d฀e฀q฀u฀a฀t฀e฀฀฀c฀o฀n฀t฀r฀o฀l฀฀฀f฀o฀r฀฀฀p฀r฀o฀c฀e฀d฀u฀r฀a฀l฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀o฀r฀฀฀f฀o฀r฀฀฀p฀l฀a-
฀c฀e฀b฀o฀฀ ฀e฀f฀f฀e฀c฀t฀s฀;฀฀ ฀v฀e฀r฀y฀฀ ฀f฀e฀w฀฀ ฀o฀f฀฀ ฀t฀h฀e฀฀ ฀m฀o฀r฀e฀฀ ฀r฀e฀c฀e฀n฀t฀฀ ฀s฀t฀u฀d฀i฀e฀s฀฀ ฀i฀n฀c฀l฀u฀d฀e฀d฀฀ ฀a฀฀
฀c฀o฀n฀t฀r฀o฀l฀฀ ฀g฀r฀o฀u฀p฀฀ ฀t฀o฀฀ ฀a฀s฀s฀e฀s฀s฀฀ ฀t฀e฀s฀t฀-฀r฀e฀t฀e฀s฀t฀฀ ฀e฀f฀f฀e฀c฀t฀s฀.฀฀ ฀F฀u฀r฀t฀h฀e฀r฀m฀o฀r฀e฀,฀฀ ฀v฀e฀r฀y฀฀
฀f฀e฀w฀฀฀s฀t฀u฀d฀i฀e฀s฀฀฀i฀n฀c฀l฀u฀d฀e฀d฀฀฀a฀฀฀p฀o฀w฀e฀r฀฀฀c฀a฀l฀c฀u฀l฀a฀t฀i฀o฀n฀.฀฀฀S฀o฀m฀e฀฀฀d฀i฀d฀฀฀n฀o฀t฀฀฀r฀e฀p฀o฀r฀t฀฀
Benefits of Phoneme Discrimination Training  
in a Randomized Controlled Trial of 50- to 74-Year-Olds 
With Mild Hearing Loss
฀M฀e฀l฀a฀n฀i฀e฀฀฀A฀.฀฀฀F฀e฀r฀g฀u฀s฀o฀n฀,1฀฀฀H e l฀e฀ ฀฀฀H฀e฀n฀s฀h฀a฀w฀,1฀฀฀D n฀i฀e฀l฀฀฀P฀.฀฀฀A฀.฀฀฀C฀l฀a฀r฀k฀,1฀ a฀n฀d฀ ฀D฀a฀v฀i฀d฀฀฀R฀.฀฀฀M฀o฀o฀r฀e฀1฀,฀2฀,฀3
1฀N฀a฀t฀i฀o฀n฀a฀l฀฀ ฀I฀n฀s฀t฀i฀t฀u฀t฀e฀฀ ฀f฀o฀r฀฀ ฀H฀e฀a฀l฀t฀h฀฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀฀ ฀฀ ฀N฀o฀t฀t฀i฀n฀g฀h฀a฀m฀฀ ฀H฀e฀a฀r฀i฀n฀g฀฀ ฀B฀i฀o฀m฀e฀d฀i฀c฀a฀l฀฀
฀R฀e฀s฀e฀a฀r฀c฀h฀฀฀U฀n฀i฀t฀,฀฀฀N฀o฀t฀t฀i฀n฀g฀h฀a฀m฀,฀฀฀U฀n฀i฀t฀e฀d฀฀฀K฀i฀n฀g฀d฀o฀m฀;฀฀2 M฀e d i฀c a฀l฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀฀฀C฀o฀u฀n฀c฀i฀l฀฀
฀I฀n฀s฀t฀i฀t฀u฀t฀e฀฀ ฀o฀f฀฀ ฀H฀e฀a฀r฀i฀n฀g฀฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀,฀฀ ฀N฀o฀t฀t฀i฀n฀g฀h฀a฀m฀,฀฀ ฀U฀n฀i฀t฀e฀d฀฀ ฀K฀i฀n฀g฀d฀o฀m฀;฀฀ ฀a฀n฀d฀฀
3฀C฀i฀n฀c฀i฀n฀n฀a฀t฀i฀฀฀C฀h฀i฀l฀d฀r฀e฀n฀’฀s฀฀฀H฀o฀s฀p฀i฀t฀a฀l฀,฀฀฀C฀i฀n฀c฀i฀n฀n฀a฀t฀i฀,฀฀฀O฀h฀i฀o฀,฀฀฀U฀S A .
฀C฀o฀p฀y฀r฀i฀g฀h฀t฀฀฀©฀฀฀2฀0฀1฀4฀฀฀b฀y฀฀฀L฀i฀p฀p฀i฀n฀c฀o฀t฀t฀฀฀W฀i฀l฀l฀i฀a฀m฀s฀฀฀&฀฀฀W฀i฀l฀k฀i฀n฀s฀.฀฀฀T฀h฀i฀s฀฀฀i฀s฀฀฀a฀n฀฀฀o฀p฀e฀n฀-฀a฀c฀c฀e฀s฀s฀฀
฀a฀r฀t฀i฀c฀l฀e฀฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀e฀d฀฀ ฀u฀n฀d฀e฀r฀฀ ฀t฀h฀e฀฀ ฀t฀e฀r฀m฀s฀฀ ฀o฀f฀฀ ฀t฀h฀e฀฀ ฀C฀r฀e฀a฀t฀i฀v฀e฀฀ ฀C฀o฀m฀m฀o฀n฀s฀฀฀A฀t฀t฀r฀i฀b฀u฀t฀i฀o฀n฀-
฀N฀o฀n฀C฀o฀m฀m฀e฀r฀c฀i฀a฀l฀-฀N฀o฀D฀e฀r฀i฀v฀i฀t฀i฀v฀e฀s฀฀ ฀3฀.฀0฀฀ ฀L฀i฀c฀e฀n฀s฀e฀,฀฀ ฀w฀h฀e฀r฀e฀฀ ฀i฀t฀฀ ฀i฀s฀฀ ฀p฀e฀r฀m฀i฀s฀s฀i฀b฀l฀e฀฀ ฀t฀o฀฀
฀d฀o฀w฀n฀l฀o฀a฀d฀฀฀a฀n฀d฀฀฀s฀h฀a฀r฀e฀฀฀t฀h฀e฀฀฀w฀o฀r฀k฀฀฀p฀r฀o฀v฀i฀d฀e฀d฀฀฀i฀t฀฀฀i฀s฀฀฀p฀r฀o฀p฀e฀r฀l฀y฀฀฀c฀i฀t฀e฀d฀.฀฀฀T฀h฀e฀฀฀w฀o฀r฀k฀฀฀c฀a฀n฀n฀o฀t฀฀
฀b฀e฀฀฀c฀h฀a฀n฀g฀e฀d฀฀฀i฀n฀฀฀a฀n฀y฀฀฀w฀a฀y฀฀฀o฀r฀฀฀u฀s฀e฀d฀฀฀c฀o฀m฀m฀e฀r฀c฀i฀a฀l฀l฀y฀.
 ฀F฀E฀R฀G฀U฀S฀O฀N฀฀฀E฀T฀฀฀A฀L฀.฀฀฀/฀฀฀E฀A฀R฀฀฀&฀฀฀H฀E฀A฀R฀I฀N฀G฀,฀฀฀V฀O฀L฀.฀฀฀3฀5฀,฀฀฀N฀O฀.฀฀฀4฀,฀฀฀e฀1฀1฀0฀–฀e฀1฀2฀1 e1 1
฀r฀e฀s฀u฀l฀t฀s฀฀ ฀f฀r฀o฀m฀฀ ฀a฀l฀l฀฀ ฀t฀h฀e฀฀ ฀o฀u฀t฀c฀o฀m฀e฀฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀,฀฀ ฀l฀e฀a฀d฀i฀n฀g฀฀ ฀t฀o฀฀ ฀a฀฀
฀l฀a฀c฀k฀฀ ฀o฀f฀฀ ฀t฀r฀a฀n฀s฀p฀a฀r฀e฀n฀c฀y฀.฀฀ ฀F฀i฀n฀a฀l฀l฀y฀,฀฀ ฀b฀l฀i฀n฀d฀i฀n฀g฀฀ ฀o฀f฀฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀฀ ฀o฀r฀฀ ฀t฀e฀s฀t฀e฀r฀฀
฀w฀a฀s฀฀฀r฀a฀r฀e฀l฀y฀฀฀i฀m฀p฀l฀e฀m฀e฀n฀t฀e฀d฀.฀฀฀A฀฀฀k฀e฀y฀฀฀i฀n฀d฀i฀n฀g฀฀฀w฀a฀s฀฀฀t฀h฀a฀t฀฀฀“฀o฀n฀-฀t฀a฀s฀k฀฀฀l฀e฀a฀r฀n-
฀i฀n฀g฀”฀฀ ฀(฀i฀.฀e฀.฀,฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀฀ ฀o฀n฀฀ ฀t฀h฀e฀฀ ฀t฀r฀a฀i฀n฀e฀d฀฀ ฀t฀a฀s฀k฀)฀฀ ฀u฀s฀u฀a฀l฀l฀y฀฀ ฀o฀c฀c฀u฀r฀r฀e฀d฀฀
฀f฀o฀r฀฀฀a฀฀฀r฀a฀n฀g฀e฀฀฀o฀f฀฀฀s฀t฀i฀m฀u฀l฀i฀฀฀i฀n฀c฀l฀u฀d฀i฀n฀g฀฀฀m฀o฀n฀o฀s฀y฀l฀l฀a฀b฀l฀e฀s฀,฀฀฀s฀y฀l฀l฀a฀b฀l฀e฀s฀,฀฀฀w฀o฀r฀d฀s฀,฀฀
฀a฀n฀d฀฀฀p฀h฀r฀a฀s฀e฀s฀฀฀i฀n฀฀฀p฀e฀o฀p฀l฀e฀฀฀w฀i฀t฀h฀฀฀h฀e฀a฀r฀i฀n฀g฀฀฀l฀o฀s฀s฀฀฀(฀B฀u฀r฀k฀฀฀e฀t฀฀฀a฀l฀.฀฀฀2฀0฀0฀6฀;฀฀฀B฀u฀r฀k฀฀









฀&฀฀ ฀F฀e฀r฀g฀u฀s฀o฀n฀฀ ฀2฀0฀1฀3฀a฀)฀.฀฀฀T฀o฀฀ ฀d฀a฀t฀e฀,฀฀ ฀t฀h฀e฀฀ ฀“฀g฀o฀l฀d฀฀ ฀s฀t฀a฀n฀d฀a฀r฀d฀”฀฀ ฀c฀l฀i฀n฀i฀c฀a฀l฀฀ ฀t฀e฀s฀t฀฀
฀f฀o฀r฀฀ ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀i฀n฀g฀฀ ฀g฀e฀n฀e฀r฀a฀l฀i฀z฀a฀t฀i฀o฀n฀฀ ฀h฀a฀s฀฀ ฀b฀e฀e฀n฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀ ฀i฀n฀฀
฀s฀p฀e฀e฀c฀h฀-฀i฀n฀-฀n฀o฀i฀s฀e฀฀ ฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀,฀฀ ฀t฀h฀e฀฀ ฀m฀o฀s฀t฀฀ ฀c฀o฀m฀m฀o฀n฀฀ ฀c฀o฀m฀p฀l฀a฀i฀n฀t฀฀ ฀o฀f฀฀




฀t฀i฀p฀l฀e฀฀ ฀t฀a฀l฀k฀e฀r฀s฀฀ ฀p฀r฀o฀m฀o฀t฀e฀s฀฀ ฀g฀r฀e฀a฀t฀e฀r฀฀ ฀w฀o฀r฀d฀-฀i฀n฀-฀n฀o฀i฀s฀e฀฀ ฀l฀e฀a฀r฀n฀i฀n฀g฀฀ ฀a฀n฀d฀฀ ฀t฀h฀a฀t฀฀




฀o฀r฀฀ ฀p฀h฀o฀n฀e฀m฀e฀s฀฀ ฀h฀a฀s฀฀ ฀b฀e฀e฀n฀฀ ฀s฀h฀o฀w฀n฀฀ ฀t฀o฀฀ ฀t฀r฀a฀n฀s฀f฀e฀r฀฀ ฀t฀o฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀ ฀i฀n฀฀





฀a฀s฀฀ ฀s฀p฀e฀e฀c฀h฀฀ ฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀,฀฀ ฀i฀t฀฀ ฀i฀s฀฀ ฀a฀l฀s฀o฀฀ ฀i฀m฀p฀o฀r฀t฀a฀n฀t฀฀ ฀f฀o฀r฀฀ ฀t฀h฀o฀s฀e฀฀ ฀d฀o฀i฀n฀g฀฀ ฀t฀h฀e฀฀
฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀t฀o฀฀ ฀f฀e฀e฀l฀฀ ฀t฀h฀a฀t฀฀ ฀i฀t฀฀ ฀i฀s฀฀ ฀b฀e฀n฀e฀i฀t฀i฀n฀g฀฀ ฀t฀h฀e฀m฀฀ ฀i฀n฀฀ ฀e฀v฀e฀r฀y฀d฀a฀y฀฀ ฀c฀o฀n฀v฀e฀r-
฀s฀a฀t฀i฀o฀n฀,฀฀฀w฀h฀i฀c฀h฀฀฀m฀a฀y฀฀฀b฀e฀฀฀b฀e฀s฀t฀฀฀s฀h฀o฀w฀n฀฀฀i฀n฀฀฀s฀e฀l฀f฀-฀r฀e฀p฀o฀r฀t฀฀฀q฀u฀e฀s฀t฀i฀o฀n฀n฀a฀i฀r฀e฀s฀.฀฀
฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀฀฀a฀s฀s฀e฀s฀s฀m฀e฀n฀t฀฀฀o฀f฀฀฀b฀e฀n฀e฀i฀t฀฀฀s฀h฀o฀u฀l฀d฀฀฀i฀n฀c฀l฀u฀d฀e฀฀฀b฀o฀t฀h฀฀฀s฀u฀b฀j฀e฀c฀t฀i฀v฀e฀฀
฀a฀n฀d฀฀ ฀o฀b฀j฀e฀c฀t฀i฀v฀e฀฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀฀ ฀(฀S฀w฀e฀e฀t฀o฀w฀฀ ฀&฀฀ ฀H฀e฀n฀d฀e฀r฀s฀o฀n฀฀ ฀S฀a฀b฀e฀s฀฀ ฀2฀0฀1฀0฀)฀.฀฀
฀O฀u฀r฀฀฀s฀y฀s฀t฀e฀m฀a฀t฀i฀c฀฀฀r฀e฀v฀i฀e฀w฀฀฀n฀o฀t฀e฀d฀฀฀s฀e฀l฀f฀-฀r฀e฀p฀o฀r฀t฀e฀d฀฀฀o฀u฀t฀c฀o฀m฀e฀s฀฀฀w฀e฀r฀e฀฀฀u฀s฀e฀d฀฀
฀i฀n฀฀ ฀o฀n฀l฀y฀฀ ฀3฀฀ ฀o฀f฀฀ ฀t฀h฀e฀฀ ฀1฀3฀฀ ฀s฀t฀u฀d฀i฀e฀s฀,฀฀ ฀w฀i฀t฀h฀฀ ฀m฀i฀x฀e฀d฀฀ ฀r฀e฀s฀u฀l฀t฀s฀.฀฀ ฀I฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀
฀w฀e฀r฀e฀฀ ฀s฀h฀o฀w฀n฀฀ ฀f฀o฀r฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀h฀a฀n฀d฀i฀c฀a฀p฀,฀฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀฀ ฀b฀y฀฀ ฀t฀h฀e฀฀ ฀H฀e฀a฀r฀i฀n฀g฀฀
฀H฀a฀n฀d฀i฀c฀a฀p฀฀ ฀I฀n฀v฀e฀n฀t฀o฀r฀y฀฀ ฀f฀o฀r฀฀ ฀t฀h฀e฀฀ ฀E฀l฀d฀e฀r฀l฀y฀฀ ฀a฀n฀d฀฀ ฀t฀h฀e฀฀ ฀C฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀฀









฀a฀n฀฀ ฀i฀m฀p฀o฀s฀s฀i฀b฀l฀e฀฀ ฀t฀a฀s฀k฀.฀฀ ฀T฀h฀i฀s฀฀ ฀s฀u฀g฀g฀e฀s฀t฀s฀฀ ฀t฀h฀a฀t฀฀ ฀t฀h฀e฀฀ ฀e฀f฀f฀e฀c฀t฀s฀฀ ฀o฀f฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀
฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀e฀x฀t฀e฀n฀d฀฀ ฀b฀e฀y฀o฀n฀d฀฀ ฀s฀e฀n฀s฀o฀r฀y฀฀ ฀d฀i฀s฀c฀r฀i฀m฀i฀n฀a฀t฀i฀o฀n฀฀ ฀p฀e฀r฀฀ ฀s฀e฀,฀฀ ฀d฀r฀a฀w-
฀i฀n฀g฀฀฀u฀p฀o฀n฀฀฀t฀o฀p฀-฀d฀o฀w฀n฀,฀฀฀c฀o฀g฀n฀i฀t฀i฀v฀e฀฀฀m฀e฀c฀h฀a฀n฀i฀s฀m฀s฀฀฀t฀o฀฀฀i฀m฀p฀r฀o฀v฀e฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀





฀t฀o฀฀ ฀c฀o฀m฀p฀l฀y฀฀ ฀w฀i฀t฀h฀฀ ฀t฀h฀e฀฀ ฀i฀n฀t฀e฀r฀v฀e฀n฀t฀i฀o฀n฀.฀฀ ฀A฀s฀฀ ฀w฀i฀t฀h฀฀ ฀m฀a฀n฀y฀฀ ฀฀h฀e฀a฀l฀t฀h฀-฀c฀h฀a฀n฀g฀e฀฀
฀b฀e฀h฀a฀v฀i฀o฀r฀s฀,฀฀ ฀s฀u฀c฀h฀฀ ฀a฀s฀฀ ฀c฀e฀s฀s฀a฀t฀i฀o฀n฀฀ ฀o฀f฀฀ ฀s฀m฀o฀k฀i฀n฀g฀฀ ฀a฀n฀d฀฀ ฀d฀r฀i฀n฀k฀i฀n฀g฀฀ ฀a฀l฀c฀o฀h฀o฀l฀฀
(฀C฀u฀r฀r y ฀ ฀e฀t฀฀ ฀a l .฀ ฀1฀9 9฀1 ;฀ ฀D฀i฀C฀l฀e฀m฀e฀n฀t฀e฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀1฀9฀9฀9฀)฀,฀฀ ฀c฀o฀m฀p฀l฀i฀a฀n฀c฀e฀฀ ฀w฀i฀t฀h฀฀
฀b฀e฀h a v฀i o฀r l฀ ฀i฀n฀t฀e r฀v฀e฀n t฀i฀o฀n฀s฀฀ ฀o฀v฀e฀r฀฀ ฀r฀e฀l฀a฀t฀i฀v฀e฀l฀y฀฀ ฀p฀r฀o฀l฀o฀n฀g฀e฀d฀฀ ฀t฀i฀m฀e฀s฀฀ ฀c฀a฀n฀฀ ฀b฀e฀฀
p฀o฀o฀r ,฀฀ a฀ ฀d ฀ u d i t o r y ฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀i฀s฀฀฀n฀o฀฀฀e฀x฀c฀e฀p฀t฀i฀o฀n฀.฀฀฀F฀o฀r฀฀฀e฀x฀a฀m฀p฀l฀e฀,฀฀฀c฀o฀m฀p฀l฀i-
a n฀c฀e ฀ r฀a฀t฀e s฀ ฀i฀n฀฀ t฀h฀e฀฀฀U฀n฀i฀t฀e฀d฀฀฀S฀t฀a฀t฀e฀s฀฀฀w฀i฀t฀h฀฀฀t฀h฀e฀฀฀L฀i฀s฀t฀e฀n฀i฀n฀g฀฀฀a฀n฀d฀฀฀C฀o฀m฀m฀u-
n฀i c a฀t฀i o n฀ ฀E฀n฀h a n c฀e฀m฀e฀n฀t฀ ฀(฀L฀A฀C฀E฀)฀฀฀s฀o฀f฀t฀w฀a฀r฀e฀฀฀i฀n฀฀฀a฀฀฀c฀l฀i฀n฀i฀c฀a฀l฀฀฀p฀o฀p฀u฀l฀a฀t฀i฀o฀n฀฀
฀w฀e฀r฀ ฀฀฀l฀o฀w฀, ฀a฀t฀฀฀3฀0฀%฀฀ (฀S w e฀e฀t฀o฀w฀฀฀&฀฀฀H฀e฀n฀d฀e฀r฀s฀o฀n฀฀฀S฀a฀b฀e฀s฀฀฀2฀0฀1฀0฀)฀.฀฀฀H฀i฀s฀t฀o฀r฀i-
฀c a฀l฀l฀y ,฀฀฀a฀u฀d฀i t o฀r y ฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀p฀r฀o฀g฀r฀a฀m฀s฀฀฀h฀a฀v฀e฀฀฀c฀a฀l฀l฀e฀d฀฀฀f฀o฀r฀฀฀p฀r฀o฀l฀o฀n฀g฀e฀d฀฀฀t฀r฀a฀i฀n-
฀i฀n g ฀฀(฀e฀.฀g฀. ,฀ ฀F฀a฀ ฀t ฀฀F฀o฀r฀W฀o฀r฀d฀฀฀w฀i฀t฀h฀฀฀c฀h฀i฀l฀d฀r฀e฀n฀;฀฀฀t฀y฀p฀i฀c฀a฀l฀l฀y฀฀฀1฀฀฀h฀r฀฀฀a฀฀฀d฀a฀y฀,฀฀฀5฀฀฀d฀a฀y฀s฀฀฀a฀฀
฀w฀e฀e฀k ฀ f฀o฀r ฀8฀฀฀w฀e e฀k฀s฀) ,฀ ฀b฀u฀t฀฀฀u฀s฀u฀a฀l฀l฀y฀฀฀w฀i฀t฀h฀o฀u฀t฀฀฀a฀n฀y฀฀฀e฀m฀p฀i฀r฀i฀c฀a฀l฀฀฀e฀v฀i฀d฀e฀n฀c฀e฀฀฀t฀o฀฀
s u฀p฀p o฀r฀t฀฀฀t฀h i s฀.฀฀฀B฀e฀s฀i฀d฀e฀s฀฀฀t฀h฀e฀฀฀f฀a฀c฀t฀฀฀t฀h฀a฀t฀฀฀t฀h฀i฀s฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀i฀s฀฀฀฀t฀i฀m฀e฀-฀c฀o฀n฀s฀u฀m฀i฀n฀g฀฀
฀a฀n d ฀฀d฀e฀m฀o฀t฀i v฀ t i n฀g฀,฀฀฀i฀t฀฀฀m฀a฀y฀฀฀n฀o฀t฀฀฀b฀e฀฀฀n฀e฀c฀e฀s฀s฀a฀r฀y฀฀฀t฀o฀฀฀t฀r฀a฀i฀n฀฀฀f฀o฀r฀฀฀s฀o฀฀฀l฀o฀n฀g฀.฀฀฀I฀n฀฀
a d฀d i฀t฀i o฀ ฀,฀฀฀M o฀l l฀o฀y ฀฀e t ฀a฀l฀.฀฀฀(฀2฀0฀1฀2฀)฀฀฀h฀a฀v฀e฀฀฀s฀h฀o฀w฀n฀฀฀t฀h฀a฀t฀฀฀f฀o฀r฀฀฀s฀i฀m฀p฀l฀e฀฀฀a฀u฀d฀i-
t o r฀y฀฀฀s฀t฀i m฀u l฀i฀฀฀(฀a฀฀฀f r฀e q u฀e฀n฀c฀y฀฀฀d฀i฀s฀c฀r฀i฀m฀i฀n฀a฀t฀i฀o฀n฀฀฀t฀a฀s฀k฀)฀฀฀t฀h฀e฀r฀e฀฀฀i฀s฀฀฀i฀n฀c฀r฀e฀a฀s฀e฀d฀฀
฀o฀n -฀t฀a฀s฀k฀฀ ฀l e฀a r฀n฀i n g฀฀ ฀w฀h฀e฀n ฀ s฀h฀o฀r฀t฀e฀r฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀s฀e฀s฀s฀i฀o฀n฀s฀฀ ฀(฀~฀8฀฀฀m฀i฀n฀)฀฀ ฀r฀a฀t฀h฀e฀r฀฀
฀t h a n฀฀ l฀o฀n฀g฀e r฀฀ o e s ฀฀(฀>฀1฀฀฀h฀r฀)฀฀฀a฀r฀e฀฀฀u฀s฀e฀d฀.฀฀฀H฀o฀w฀e฀v฀e฀r฀,฀฀฀s฀y฀s฀t฀e฀m฀a฀t฀i฀c฀฀฀s฀t฀u฀d฀i฀e฀s฀฀฀o฀f฀฀
v i฀s฀u฀a฀l฀฀฀l e a฀r฀n฀i฀n฀g฀ s฀h฀o฀w ฀฀t฀h฀a฀t฀฀฀o฀u฀t฀c฀o฀m฀e฀s฀฀฀a฀r฀e฀,฀฀฀i฀n฀฀฀g฀e฀n฀e฀r฀a฀l฀,฀฀฀r฀e฀l฀a฀t฀e฀d฀฀฀t฀o฀฀฀t฀h฀e฀฀
฀a฀m฀o฀u฀n t฀ ฀o฀f฀฀฀t r a฀i฀n i฀n฀g฀฀฀(฀L฀e฀v฀i฀฀฀2฀0฀1฀2฀)฀.
฀O฀n฀e฀฀฀o฀t฀h฀e r฀฀฀i฀m฀p฀ ฀r฀t฀a฀n฀t฀฀฀f฀a฀c฀t฀o฀r฀฀฀w฀h฀e฀n฀฀฀c฀o฀n฀s฀i฀d฀e฀r฀i฀n฀g฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n-
฀i฀n g ฀a s ฀ ฀a฀n฀฀ ฀e฀f฀f e฀c฀t฀i฀v฀e฀฀ ฀c฀l฀i฀n฀i฀c฀a฀l฀฀ ฀i฀n฀t฀e฀r฀v฀e฀n฀t฀i฀o฀n฀฀ ฀i฀s฀฀ ฀t฀h฀a฀t฀฀ ฀s฀p฀e฀e฀c฀h฀฀ ฀p฀e฀r฀c฀e฀p-
฀t฀i o฀n ฀฀p e r f฀o฀r m฀a n฀c฀e฀ ฀a n d฀฀฀c฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀฀฀a฀r฀e฀฀฀m฀a฀i฀n฀t฀a฀i฀n฀e฀d฀฀฀o฀v฀e฀r฀฀฀t฀i฀m฀e฀฀
฀(฀S w e฀t฀o฀w฀฀ ฀& ฀ ฀H฀e n d฀e r฀s฀o฀n฀฀ ฀S฀a฀b฀e฀s฀฀ ฀2฀0฀0฀6฀;฀฀ ฀T฀y฀l฀e฀r฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀1฀0฀;฀฀ ฀O฀b฀a฀฀
฀e฀t฀ ฀a฀l฀. ฀ ฀2฀0฀1฀1฀)฀.฀฀ C u฀r r฀e฀n฀t฀฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀฀ ฀s฀u฀g฀g฀e฀s฀t฀s฀฀ ฀t฀h฀a฀t฀฀ ฀p฀o฀s฀t฀-฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀p฀e฀r-
฀f฀o r฀m n฀c e฀฀ o n฀฀฀t฀h฀e฀ ฀t฀r i n฀e฀d฀฀฀t฀a฀s฀k฀s฀฀฀d฀o฀e฀s฀฀฀n฀o฀t฀฀฀d฀r฀o฀p฀฀฀b฀a฀c฀k฀฀฀t฀o฀฀฀b฀a฀s฀e฀l฀i฀n฀e฀฀฀f฀o฀r฀฀
฀p฀e฀r฀i฀o฀d s฀฀฀o฀f ฀฀u฀p฀฀฀t o ฀฀6 ฀ m฀o฀n฀t฀h฀s฀,฀฀฀a฀n฀d฀฀฀t฀h฀a฀t฀฀฀p฀o฀s฀t฀-฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀฀
฀l e฀v e l฀s฀฀฀c a n฀฀฀b฀e฀฀฀r฀e g฀a i฀n฀e฀d฀฀฀w฀i฀t฀h฀฀฀t฀o฀p฀-฀u฀p฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀s฀e฀s฀s฀i฀o฀n฀s฀฀฀o฀f฀฀฀a฀s฀฀฀l฀i฀t฀t฀l฀e฀฀
a฀s฀ ฀1฀ ฀h฀r (฀B฀u฀r฀k฀ ฀e฀t ฀฀a฀l฀.฀฀฀2฀0฀0฀6฀)฀.
฀T฀h฀e r฀e฀฀ a฀r฀e ฀ ฀s฀t฀i฀l฀l฀฀ a฀฀ ฀l a฀r฀g฀e฀฀ ฀n฀u฀m฀b฀e฀r฀฀ ฀o฀f฀฀ ฀o฀u฀t฀s฀t฀a฀n฀d฀i฀n฀g฀฀ ฀q฀u฀e฀s฀t฀i฀o฀n฀s฀฀ ฀o฀n฀฀
฀t h฀e฀฀฀b฀e฀n฀e฀i t฀s฀฀฀o฀f ฀฀a฀u d i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀,฀฀฀s฀o฀m฀e฀฀฀o฀f฀฀฀w฀h฀i฀c฀h฀฀฀a฀r฀e฀฀฀s฀u฀m฀m฀a฀r฀i฀z฀e฀d฀฀
฀b฀y฀ ฀B฀o฀o฀t฀h฀r฀o฀y d฀฀฀(฀2฀0฀1฀0 )฀.฀฀฀T฀h฀e฀s฀e฀฀฀i฀n฀c฀l฀u฀d฀e฀฀฀e฀s฀t฀a฀b฀l฀i฀s฀h฀i฀n฀g฀฀฀w฀h฀i฀c฀h฀฀฀a฀s฀p฀e฀c฀t฀s฀฀
o฀f฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀t r฀a฀i n฀i n฀g฀฀ p฀r฀o฀t฀o฀c฀o฀l฀s฀฀฀c฀o฀n฀t฀r฀i฀b฀u฀t฀e฀฀฀t฀o฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀,฀฀฀h฀o฀w฀฀฀a฀u฀d฀i-
฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀g฀e฀n฀e฀r฀a฀l฀i฀z฀e฀s฀฀฀t฀o฀฀฀b฀e฀n฀e฀i฀t฀s฀฀฀i฀n฀฀฀e฀v฀e฀r฀y฀d฀a฀y฀฀฀c฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀฀
฀a฀n d฀฀ ฀q฀u a฀l฀i฀t฀y ฀ ฀o฀f฀ ฀l฀i฀f฀e฀, ฀a฀n฀d฀฀ ฀h฀o฀w฀฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀฀
w฀i฀t฀h฀฀฀t r฀a฀i฀n i฀ ฀g฀฀ o u฀t฀c฀o฀m฀e฀s฀฀฀t฀o฀฀฀i฀d฀e฀n฀t฀i฀f฀y฀฀฀c฀a฀n฀d฀i฀d฀a฀c฀y฀฀฀f฀o฀r฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n-
i฀n฀g฀. ฀฀T฀o฀฀฀a฀n s฀w฀e฀r฀ ฀t h฀e฀s฀e฀฀฀q฀u฀e฀s฀t฀i฀o฀n฀s฀฀฀w฀i฀t฀h฀฀฀h฀i฀g฀h฀-฀q฀u฀a฀l฀i฀t฀y฀฀฀e฀v฀i฀d฀e฀n฀c฀e฀,฀฀฀f฀a฀c-
฀t฀o฀r฀s฀ ฀t฀o฀฀ b e ฀฀c฀o฀n s฀i฀d฀e฀r฀e฀d฀฀฀i฀n฀c฀l฀u฀d฀e฀฀฀t฀h฀e฀฀฀c฀l฀e฀a฀r฀฀฀r฀e฀p฀o฀r฀t฀i฀n฀g฀฀฀o฀f฀฀฀r฀e฀s฀u฀l฀t฀s฀฀฀(฀e฀.฀g฀.฀,฀฀
a c฀c o r฀d฀i n g฀฀ ฀t฀o฀฀ t฀h฀e ฀ C฀O฀N฀s฀o฀l฀i฀d฀a฀t฀e฀d฀฀ ฀S฀t฀a฀n฀d฀a฀r฀d฀s฀฀ ฀O฀f฀฀ ฀R฀e฀p฀o฀r฀t฀i฀n฀g฀฀฀T฀r฀i฀a฀l฀s฀฀
[ C฀O฀N฀S฀O R฀T฀]฀ ฀s฀t฀a฀t e฀m฀ ฀n฀t฀;฀฀฀s฀e฀e฀฀฀S฀c฀h฀u฀l฀z฀฀฀e฀t฀฀฀a฀l฀.฀฀฀2฀0฀1฀0฀)฀฀฀a฀n฀d฀฀฀t฀h฀e฀฀฀u฀s฀e฀฀฀o฀f฀฀
฀o฀u฀t฀c฀o฀m฀e฀ ฀m e a s฀u฀r฀e฀s ฀t฀h฀a฀t฀฀฀a฀r฀e฀฀฀a฀p฀p฀r฀o฀p฀r฀i฀a฀t฀e฀฀฀a฀n฀d฀฀฀s฀e฀n฀s฀i฀t฀i฀v฀e฀฀฀(฀H฀e฀n฀s฀h฀a฀w฀฀
฀&฀ ฀F฀e฀r฀g u฀ ฀o฀n฀฀ ฀2฀0 1฀3฀a฀)฀. ฀ ฀O฀n฀l฀y฀฀ ฀o฀n฀e฀฀ ฀s฀t฀u฀d฀y฀฀ ฀i฀n฀฀ ฀o฀u฀r฀฀ ฀r฀e฀c฀e฀n฀t฀฀ ฀s฀y฀s฀t฀e฀m฀a฀t฀i฀c฀฀
฀r฀e v฀i฀e฀w฀฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀฀ ฀t฀h฀e฀฀ ฀e฀f฀f฀e฀c฀t฀s฀฀ ฀o฀f฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀o฀n฀฀ ฀g฀e฀n฀e฀r-
฀a฀l i z a t฀i฀o฀n฀฀ ฀t฀o฀฀ ฀s฀p฀e฀e฀c฀h฀฀ ฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀,฀฀ ฀s฀e฀l฀f฀-฀r฀e฀p฀o฀r฀t฀฀ ฀o฀f฀฀ ฀c฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀฀
฀d฀i f฀i c u฀l฀t฀i฀e฀s ฀ a n฀d฀ ฀c฀o g฀n฀i฀t฀i฀o฀n฀฀฀(฀S฀w฀e฀e฀t฀o฀w฀฀฀&฀฀฀H฀e฀n฀d฀e฀r฀s฀o฀n฀฀฀S฀a฀b฀e฀s฀฀฀2฀0฀0฀6฀;฀฀
฀H e฀ ฀d e฀r฀s฀o฀n฀ ฀S฀a฀b฀e฀s฀ ฀&฀฀฀S฀w฀e฀e฀t฀o฀w฀฀฀2฀0฀0฀7฀)฀.฀฀฀S฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀
฀w฀e r฀e฀฀฀s฀e฀e฀ ฀฀฀i฀n฀฀฀a฀l l฀ ฀t฀h฀r฀e฀e฀฀฀a฀r฀e฀a฀s฀,฀฀฀a฀l฀t฀h฀o฀u฀g฀h฀฀฀n฀o฀t฀฀฀f฀o฀r฀฀฀a฀l฀l฀฀฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀฀฀t฀e฀s฀t฀s฀.฀฀
฀A฀s ฀ s฀p฀e฀e฀c฀h฀฀ ฀p฀e฀r฀c฀e฀p t i o฀n฀฀ a฀n฀d฀฀ ฀c฀o฀g฀n฀i฀t฀i฀o฀n฀฀ ฀u฀n฀d฀e฀r฀p฀i฀n฀฀ ฀c฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀฀
฀a฀b฀i฀l฀i฀t฀i฀e฀s฀฀ ฀(฀K฀i฀e฀s฀s฀l฀i฀n฀g฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀0฀3฀)฀,฀฀ ฀t฀h฀e฀฀ ฀m฀a฀i฀n฀฀ ฀f฀o฀c฀u฀s฀฀ ฀i฀n฀฀ ฀t฀h฀e฀฀ ฀p฀r฀e฀s฀e฀n฀t฀฀
฀s฀t u฀d฀y฀ ฀w฀a s฀฀฀t฀o฀฀฀e฀x฀a฀m฀i฀n฀e฀฀฀o฀u฀t฀c฀o฀m฀e฀s฀฀฀a฀c฀r฀o฀s฀s฀฀฀s฀p฀e฀e฀c฀h฀฀฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀,฀฀฀c฀o฀g-
฀n฀i t i฀o฀n฀, ฀ a฀n d฀ ฀s฀ ฀l f฀-฀r฀ ฀p฀o r฀t฀฀฀o฀f฀฀฀h฀e฀a฀r฀i฀n฀g฀฀฀d฀i฀f฀i฀c฀u฀l฀t฀i฀e฀s฀฀฀t฀o฀฀฀i฀d฀e฀n฀t฀i฀f฀y฀฀฀w฀h฀e฀t฀h฀e฀r฀,฀฀
฀a฀n฀d฀฀฀h฀o w฀, ฀฀ ฀u d i฀t฀o฀r฀y฀฀ t฀r฀a฀i฀n฀i฀n฀g฀฀฀w฀a฀s฀฀฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀n฀g฀฀฀t฀o฀฀฀c฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀.
฀M฀o฀s฀t฀ a u d i฀t฀o฀r฀y฀฀฀t฀r฀a i฀n฀i฀n฀g฀฀฀s฀t฀u฀d฀i฀e฀s฀฀฀s฀h฀o฀w฀฀฀h฀i฀g฀h฀l฀y฀฀฀v฀a฀r฀i฀a฀b฀l฀e฀฀฀o฀u฀t฀c฀o฀m฀e฀s฀฀
฀a฀c฀r฀o฀s฀s ฀฀i฀n฀d฀i฀v฀i฀d฀u฀a l฀ ฀p฀a฀r฀t i฀c฀i฀p฀a฀n฀t฀s฀฀฀(฀F฀u฀฀฀e฀t฀฀฀a฀l฀.฀฀฀2฀0฀0฀4฀;฀฀฀A฀m฀i฀t฀a฀y฀฀฀e฀t฀฀฀a฀l฀.฀฀฀2฀0฀0฀5฀;฀฀
H฀u฀m฀e฀s฀฀฀e฀t ฀฀a฀l฀.฀฀ 2 0 0฀9฀;฀฀ S t฀a฀c฀e฀y฀฀฀e฀t฀฀฀a฀l฀.฀฀฀2฀0฀1฀0฀;฀฀฀M฀i฀l฀l฀w฀a฀r฀d฀฀฀e฀t฀฀฀a฀l฀.฀฀฀2฀0฀1฀1฀)฀,฀฀฀a฀n฀d฀฀
฀n o฀t ฀ ฀e฀v฀e฀r฀y฀o฀n฀e b e n฀e฀i฀t฀s฀฀ ฀f฀r฀o฀m฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀(฀F฀u฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀0฀4฀;฀฀ ฀O฀b฀a฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀
2 0฀1฀1 )฀.฀ ฀F฀r o฀m฀฀฀a฀฀ c l i฀n i฀c฀a฀l฀฀฀i฀n฀t฀e฀r฀v฀e฀n฀t฀i฀o฀n฀฀฀p฀e฀r฀s฀p฀e฀c฀t฀i฀v฀e฀,฀฀฀a฀n฀฀฀i฀m฀p฀o฀r฀t฀a฀n฀t฀฀฀g฀o฀a฀l฀฀
฀i฀s ฀฀t฀o฀ ฀i฀d฀e฀n฀t฀i฀f฀y฀ ฀a฀c฀c฀u฀r฀a฀t฀e฀l฀y฀฀฀w฀h฀o฀฀฀w฀i฀l฀l฀฀฀b฀e฀n฀e฀i฀t฀฀฀f฀r฀o฀m฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀.฀฀
฀T h฀i฀s฀฀ c฀o u฀l d฀ ฀t h e฀n฀฀฀l e฀a d฀฀฀t฀o฀฀฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀l฀y฀฀฀t฀a฀r฀g฀e฀t฀e฀d฀฀฀i฀n฀t฀e฀r฀v฀e฀n฀t฀i฀o฀n฀s฀฀฀t฀o฀฀฀p฀r฀o-
฀m฀o฀t฀e฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀฀ r e฀m e฀d฀i฀a฀t฀i฀o฀n฀฀ ฀o฀f฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀a฀n฀d฀฀ ฀c฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀฀ ฀d฀i฀f-
i c฀u฀l฀t฀i฀e฀s฀,฀฀฀r฀e฀s฀u฀l฀t฀i฀n฀g฀฀฀i฀n฀฀฀r฀e฀d฀u฀c฀e฀d฀฀฀d฀i฀s฀a฀b฀i฀l฀i฀t฀y฀฀฀a฀n฀d฀฀฀h฀a฀n฀d฀i฀c฀a฀p฀.
฀A u d฀i o฀r y฀฀ ฀t r฀a฀i฀ ฀i฀n฀g฀ ฀h฀a฀s฀฀ ฀t฀h฀e฀฀ ฀p฀o฀t฀e฀n฀t฀i฀a฀l฀฀ ฀t฀o฀฀ ฀b฀e฀฀ ฀a฀฀ ฀u฀s฀e฀f฀u฀l฀฀ ฀c฀l฀i฀n฀i฀c฀a฀l฀฀
฀i฀n฀t฀e฀r v฀ ฀n t i o n฀฀ t฀o ฀฀s฀u฀p฀p฀o฀r฀t฀฀฀p฀e฀o฀p฀l฀e฀฀฀w฀i฀t฀h฀฀฀h฀e฀a฀r฀i฀n฀g฀฀฀l฀o฀s฀s฀.฀฀฀T฀h฀i฀s฀฀฀i฀n฀c฀l฀u฀d฀e฀s฀฀
t฀h฀o฀s e฀฀฀w฀h฀o฀฀฀a฀r e฀฀ h e a r i฀n฀g฀฀฀a฀i฀d฀฀฀u฀s฀e฀r฀s฀฀฀a฀s฀฀฀w฀e฀l฀l฀฀฀a฀s฀฀฀t฀h฀o฀s฀e฀฀฀w฀h฀o฀฀฀c฀h฀o฀o฀s฀e฀฀฀n฀o฀t฀฀
e112  ฀F฀E฀R฀G฀U฀S฀O฀N฀฀฀E฀T฀฀฀A฀L฀.฀฀฀/฀฀฀E฀A฀R฀฀฀&฀฀฀H฀E฀A฀R฀I฀N฀G฀,฀฀฀V฀O฀L฀.฀฀฀3฀5฀,฀฀฀N฀O฀.฀฀฀4฀,฀฀฀e฀1฀1฀0฀–฀e฀1฀2฀1
฀t฀o฀฀฀w฀e฀a฀r฀฀฀h฀e฀a฀r฀i฀n฀g฀฀฀a฀i฀d฀s฀,฀฀฀o฀r฀฀฀t฀h฀o฀s฀e฀฀฀w฀h฀o฀฀฀h฀a฀v฀e฀฀฀m฀i฀l฀d฀฀฀h฀e฀a฀r฀i฀n฀g฀฀฀l฀o฀s฀s฀฀฀a฀n฀d฀฀





฀฀ ฀1฀.฀฀ ฀t฀o฀฀ ฀a฀s฀c฀e฀r฀t฀a฀i฀n฀฀ ฀w฀h฀e฀t฀h฀e฀r฀฀ ฀p฀h฀o฀n฀e฀m฀e฀฀ ฀d฀i฀s฀c฀r฀i฀m฀i฀n฀a฀t฀i฀o฀n฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀









฀T฀h฀i฀s฀฀ ฀s฀t฀u฀d฀y฀฀ ฀i฀s฀฀ ฀r฀e฀p฀o฀r฀t฀e฀d฀฀ ฀i฀n฀฀ ฀a฀c฀c฀o฀r฀d฀a฀n฀c฀e฀฀ ฀w฀i฀t฀h฀฀ ฀t฀h฀e฀฀ ฀C฀O฀N฀S฀O฀R฀T฀฀
฀s฀t฀a฀t฀e฀m฀e฀n฀t฀฀ ฀(฀S฀c฀h฀u฀l฀z฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀1฀0฀)฀,฀฀ ฀w฀h฀i฀c฀h฀฀ ฀o฀f฀f฀e฀r฀s฀฀ ฀g฀u฀i฀d฀a฀n฀c฀e฀฀ ฀f฀o฀r฀฀ ฀t฀h฀e฀฀
฀t฀r฀a฀n฀s฀p฀a฀r฀e฀n฀t฀฀ ฀a฀n฀d฀฀ ฀u฀n฀b฀i฀a฀s฀e฀d฀฀ ฀r฀e฀p฀o฀r฀t฀i฀n฀g฀฀ ฀o฀f฀฀ ฀R฀C฀T฀s฀.฀฀฀T฀h฀e฀฀ ฀C฀O฀N฀S฀O฀R฀T฀฀




฀A฀d฀u฀l฀t฀s฀฀ ฀w฀e฀r฀e฀฀ ฀i฀n฀i฀t฀i฀a฀l฀l฀y฀฀ ฀r฀e฀c฀r฀u฀i฀t฀e฀d฀฀ ฀v฀i฀a฀฀ ฀t฀h฀r฀e฀e฀฀ ฀l฀o฀c฀a฀l฀฀ ฀N฀o฀t฀t฀i฀n฀g฀h฀a฀m฀฀
฀p฀r฀i฀m฀a฀r฀y฀฀ ฀c฀a฀r฀e฀฀ ฀p฀r฀a฀c฀t฀i฀c฀e฀s฀,฀฀ ฀w฀h฀i฀c฀h฀฀ ฀s฀e฀n฀t฀฀ ฀a฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀s฀c฀r฀e฀e฀n฀i฀n฀g฀฀ ฀q฀u฀e฀s-
฀t฀i฀o฀n฀n฀a฀i฀r฀e฀฀ ฀(฀D฀a฀v฀i฀s฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀0฀7฀)฀฀ ฀t฀o฀฀ ฀a฀l฀l฀฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀฀ ฀w฀h฀o฀฀ ฀w฀e฀r฀e฀฀ ฀a฀g฀e฀d฀฀ ฀5฀0฀฀
฀t฀o฀฀฀7฀4฀฀฀y฀e฀a฀r฀s฀฀฀(฀t฀o฀t฀a฀l฀฀฀n฀฀฀=฀฀฀3฀3฀2฀6฀)฀฀฀o฀n฀฀฀t฀h฀e฀i฀r฀฀฀r฀e฀g฀i฀s฀t฀e฀r฀.฀฀฀T฀h฀e฀฀฀q฀u฀e฀s฀t฀i฀o฀n฀n฀a฀i฀r฀e฀฀
฀r฀e฀t฀u฀r฀n฀฀ ฀r฀a฀t฀e฀฀ ฀w฀a฀s฀฀ ฀4฀2฀.฀2฀%฀฀ ฀(฀n฀฀ ฀=฀฀ ฀1฀4฀7฀1฀)฀฀ ฀o฀f฀฀ ฀w฀h฀o฀m฀฀ ฀1฀1฀5฀2฀฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀d฀฀ ฀a฀฀













฀P฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀ ฀w฀e฀r฀e฀฀ ฀a฀l฀l฀o฀c฀a฀t฀e฀d฀฀ ฀t฀o฀฀ ฀e฀i฀t฀h฀e฀r฀฀ ฀t฀h฀e฀฀ ฀I฀m฀m฀e฀d฀i฀a฀t฀e฀฀ ฀T฀r฀a฀i฀n-
฀i฀n฀g฀฀ ฀g฀r฀o฀u฀p฀฀ ฀(฀I฀T฀;฀฀ ฀n฀฀ ฀=฀฀ ฀2฀3฀)฀฀ ฀o฀r฀฀ ฀a฀฀ ฀w฀a฀i฀t฀฀ ฀l฀i฀s฀t฀e฀d฀฀ ฀D฀e฀l฀a฀y฀e฀d฀฀฀T฀r฀a฀i฀n฀i฀n฀g฀฀ ฀g฀r฀o฀u฀p฀฀
฀(฀D฀T฀;฀฀฀n฀฀฀=฀฀฀2฀1฀)฀฀฀b฀y฀฀฀t฀h฀e฀฀฀s฀e฀c฀o฀n฀d฀฀฀a฀u฀t฀h฀o฀r฀฀฀u฀s฀i฀n฀g฀฀฀t฀h฀e฀฀฀m฀e฀t฀h฀o฀d฀฀฀o฀f฀฀฀m฀i฀n฀i฀m฀i-




Design and Study Procedure
฀T฀h฀e฀฀ ฀s฀t฀u฀d฀y฀฀ ฀u฀s฀e฀d฀฀ ฀a฀฀ ฀r฀a฀n฀d฀o฀m฀i฀z฀e฀d฀,฀฀ ฀c฀o฀n฀t฀r฀o฀l฀l฀e฀d฀,฀฀ ฀q฀u฀a฀s฀i฀-฀c฀r฀o฀s฀s฀o฀v฀e฀r฀฀
฀d฀e฀s฀i฀g฀n฀,฀฀ ฀s฀h฀o฀w฀n฀฀ ฀i฀n฀฀ ฀F฀i฀g฀u฀r฀e฀฀ ฀1฀.฀฀ ฀O฀u฀t฀c฀o฀m฀e฀฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀฀ ฀w฀e฀r฀e฀฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀฀
฀a฀t฀฀ ฀a฀l฀l฀฀ ฀v฀i฀s฀i฀t฀s฀.฀฀฀T฀e฀s฀t฀฀ ฀s฀e฀s฀s฀i฀o฀n฀s฀฀ ฀a฀r฀e฀฀ ฀l฀a฀b฀e฀l฀e฀d฀฀ ฀s฀o฀฀ ฀t฀h฀a฀t฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀o฀c฀c฀u฀r฀r฀e฀d฀฀
฀b฀e฀t฀w฀e฀e฀n฀฀ ฀t฀i฀m฀e฀s฀฀ ฀t฀1฀฀ ฀a฀n฀d฀฀ ฀t฀2฀,฀฀ ฀a฀n฀d฀฀ ฀t฀h฀e฀฀ ฀r฀e฀t฀e฀n฀t฀i฀o฀n฀฀ ฀p฀e฀r฀i฀o฀d฀฀ ฀o฀c฀c฀u฀r฀r฀e฀d฀฀
฀b฀e฀t฀w฀e฀e฀n฀฀฀t฀i฀m฀e฀s฀฀฀t฀2฀฀฀a฀n฀d฀฀฀t฀3฀฀฀f฀o฀r฀฀฀b฀o฀t฀h฀฀฀g฀r฀o฀u฀p฀s฀.฀฀฀T฀h฀e฀฀฀c฀o฀n฀t฀r฀o฀l฀฀฀(฀n฀o฀-฀t฀r฀a฀i฀n-
฀i฀n฀g฀)฀฀฀p฀e฀r฀i฀o฀d฀฀฀f฀o฀r฀฀฀t฀h฀e฀฀฀D฀T฀฀฀g฀r฀o฀u฀p฀฀฀b฀e฀t฀w฀e฀e฀n฀฀฀t฀0฀฀฀a฀n฀d฀฀฀t฀1฀฀฀e฀n฀a฀b฀l฀e฀d฀฀฀a฀s฀s฀e฀s฀s-
฀m฀e฀n฀t฀฀ ฀o฀f฀฀ ฀t฀e฀s฀t฀-฀r฀e฀t฀e฀s฀t฀฀ ฀e฀f฀f฀e฀c฀t฀s฀.฀฀ ฀T฀h฀e฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀s฀o฀f฀t฀w฀a฀r฀e฀฀ ฀w฀a฀s฀฀
฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀d฀฀฀t฀o฀฀฀a฀l฀l฀฀฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀฀i฀n฀฀฀t฀h฀e฀฀฀l฀a฀b฀฀฀a฀t฀฀฀t฀1฀,฀฀฀b฀e฀f฀o฀r฀e฀฀฀t฀h฀e฀i฀r฀฀฀t฀r฀a฀i฀n-
฀i฀n฀g฀.฀฀฀T฀h฀e฀฀฀p฀r฀i฀m฀a฀r฀y฀฀฀o฀u฀t฀c฀o฀m฀e฀฀฀m฀e฀a฀s฀u฀r฀e฀฀฀w฀a฀s฀฀฀t฀h฀e฀฀฀d฀i฀g฀i฀t฀฀฀t฀r฀i฀p฀l฀e฀t฀s฀฀฀t฀e฀s฀t฀.฀฀฀O฀n฀฀





฀t฀h฀i฀s฀฀฀w฀o฀u฀l฀d฀฀฀r฀e฀s฀u฀l฀t฀฀฀i฀n฀฀฀a฀฀฀l฀a฀r฀g฀e฀฀฀e฀f฀f฀e฀c฀t฀฀฀s฀i฀z฀e฀฀฀(฀C฀o฀h฀e฀n฀’฀s฀฀d฀฀ =฀฀ 0 .฀8฀9฀)฀.
฀T฀h฀e฀฀ ฀s฀t฀u฀d฀y฀฀ ฀w฀a฀s฀฀ ฀a฀p฀p฀r฀o฀v฀e฀d฀฀ ฀b฀y฀฀ ฀t฀h฀e฀฀ ฀N฀o฀t฀t฀i฀n฀g฀h฀a฀m฀฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀฀ ฀E฀t฀h-
฀i฀c฀s฀฀ ฀C฀o฀m฀m฀i฀t฀t฀e฀e฀฀ ฀a฀n฀d฀฀ ฀N฀o฀t฀t฀i฀n฀g฀h฀a฀m฀฀ ฀U฀n฀i฀v฀e฀r฀s฀i฀t฀y฀฀ ฀H฀o฀s฀p฀i฀t฀a฀l฀s฀฀ ฀T฀r฀u฀s฀t฀฀





Audiological Measures ฀•฀฀ ฀P฀u฀r฀e฀-฀t฀o฀n฀e฀฀ ฀a฀i฀r฀฀ ฀c฀o฀n฀d฀u฀c฀t฀i฀o฀n฀฀ ฀t฀h฀r฀e฀s฀h-
฀o฀l฀d฀s฀฀ ฀(฀0฀.฀2฀5฀,฀฀ ฀0฀.฀5฀,฀฀ ฀1฀,฀฀ ฀2฀,฀฀ ฀3฀,฀฀ ฀4฀,฀฀ ฀a฀n฀d฀฀ ฀8฀฀฀k฀H฀z฀)฀฀ ฀w฀e฀r฀e฀฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀฀ ฀f฀o฀r฀฀ ฀e฀a฀c฀h฀฀
฀e฀a฀r฀฀฀a฀n฀d฀฀฀p฀u฀r฀e฀-฀t฀o฀n฀e฀฀฀b฀o฀n฀e฀฀฀c฀o฀n฀d฀u฀c฀t฀i฀o฀n฀฀฀t฀h฀r฀e฀s฀h฀o฀l฀d฀s฀฀฀a฀s฀฀฀r฀e฀q฀u฀i฀r฀e฀d฀฀฀(฀0฀.฀5฀,฀฀
฀1฀,฀฀ ฀a฀n฀d฀฀ ฀2฀฀฀k฀H฀z฀)฀,฀฀ ฀f฀o฀l฀l฀o฀w฀i฀n฀g฀฀ ฀t฀h฀e฀฀ ฀p฀r฀o฀c฀e฀d฀u฀r฀e฀฀ ฀r฀e฀c฀o฀m฀m฀e฀n฀d฀e฀d฀฀ ฀b฀y฀฀ ฀t฀h฀e฀฀







Cognitive Measures ฀•฀฀Nonverbal intelligence quotient฀฀฀(฀N฀V฀I฀Q฀)฀฀
฀w฀a฀s฀฀ ฀e฀s฀t฀a฀b฀l฀i฀s฀h฀e฀d฀฀ ฀u฀s฀i฀n฀g฀฀ ฀t฀h฀e฀฀ ฀M฀a฀t฀r฀i฀x฀฀ ฀R฀e฀a฀s฀o฀n฀i฀n฀g฀฀ ฀s฀u฀b฀t฀e฀s฀t฀฀ ฀o฀f฀฀ ฀t฀h฀e฀฀
฀W฀e฀c฀h฀s฀l฀e฀r฀฀฀A฀b฀b฀r฀e฀v฀i฀a฀t฀e฀d฀฀฀S฀c฀a฀l฀e฀฀฀o฀f฀฀฀I฀n฀t฀e฀l฀l฀i฀g฀e฀n฀c฀e฀฀฀(฀W฀e฀c฀h฀s฀l฀e฀r฀฀฀1฀9฀9฀9฀)฀.
฀T฀h฀e฀฀฀D฀i฀g฀i฀t฀฀฀S฀p฀a฀n฀฀฀s฀u฀b฀t฀e฀s฀t฀฀฀(฀f฀o฀r฀w฀a฀r฀d฀฀฀f฀o฀l฀l฀o฀w฀e฀d฀฀฀b฀y฀฀฀b฀a฀c฀k฀w฀a฀r฀d฀)฀฀฀f฀r฀o฀m฀฀
฀t฀h฀e฀฀฀W฀e฀c฀h฀s฀l฀e฀r฀฀฀A฀d฀u฀l฀t฀฀ ฀I฀n฀t฀e฀l฀l฀i฀g฀e฀n฀c฀e฀฀ ฀S฀c฀a฀l฀e฀-฀T฀h฀i฀r฀d฀฀ ฀E฀d฀i฀t฀i฀o฀n฀฀ ฀(฀W฀e฀c฀h฀s฀l฀e฀r฀฀







฀c฀o฀n฀s฀o฀n฀a฀n฀t฀฀ ฀w฀o฀r฀d฀s฀฀ ฀e฀m฀b฀e฀d฀d฀e฀d฀฀ ฀i฀n฀฀ ฀a฀n฀฀ ฀8฀0฀-฀l฀e฀t฀t฀e฀r฀฀ ฀s฀e฀q฀u฀e฀n฀c฀e฀,฀฀ ฀a฀n฀d฀฀ ฀t฀w฀o฀฀
฀s฀e฀q฀u฀e฀n฀c฀e฀s฀฀ ฀w฀e฀r฀e฀฀ ฀a฀l฀t฀e฀r฀n฀a฀t฀e฀d฀฀ ฀b฀e฀t฀w฀e฀e฀n฀฀ ฀t฀h฀e฀฀ ฀p฀r฀e฀s฀e฀n฀t฀a฀t฀i฀o฀n฀฀ ฀r฀a฀t฀e฀s฀฀ ฀a฀c฀r฀o฀s฀s฀฀
฀v฀i฀s฀i฀t฀s฀.฀฀฀I฀n฀d฀i฀v฀i฀d฀u฀a฀l฀฀฀l฀e฀t฀t฀e฀r฀s฀฀฀w฀e฀r฀e฀฀฀d฀i฀s฀p฀l฀a฀y฀e฀d฀฀฀s฀e฀q฀u฀e฀n฀t฀i฀a฀l฀l฀y฀฀฀o฀n฀฀฀a฀฀฀c฀o฀m฀p฀u฀t฀e฀r฀฀
฀s c฀r฀e฀e฀n฀฀฀a฀n฀d ฀฀p฀a฀r฀t฀i c i฀p฀a฀n฀t฀s฀฀฀p฀r฀e฀s฀s฀e฀d฀฀฀t฀h฀e฀฀฀k฀e฀y฀b฀o฀a฀r฀d฀฀฀s฀p฀a฀c฀e฀b฀a฀r฀฀฀(฀h฀i฀t฀)฀฀฀w฀h฀e฀n฀฀
t฀h r฀e฀e฀฀ ฀c฀o฀n฀s฀e฀c฀u฀t฀i฀v ฀ ฀l฀e฀t฀t฀e฀r฀s฀฀ ฀f฀o฀r฀m฀e฀d฀฀ ฀a฀฀ ฀r฀e฀c฀o฀g฀n฀i฀z฀e฀d฀฀ ฀c฀o฀n฀s฀o฀n฀a฀n฀t฀-฀v฀o฀w฀e฀l฀-
c฀o฀n฀s฀o฀n฀a฀ ฀t฀฀฀w฀o฀r฀d฀ ฀(฀e .฀g .฀,฀฀ M฀-฀A฀-฀T฀)฀.฀฀฀T฀h฀e฀r฀e฀฀฀w฀e฀r฀e฀฀฀t฀w฀o฀฀฀r฀u฀n฀s฀,฀฀฀w฀i฀t฀h฀฀฀t฀h฀e฀฀฀i฀n฀i-
t฀i a฀l฀฀฀p฀r฀e฀s฀e n฀t a t฀i฀o฀n฀ ฀r฀a t฀e฀฀฀o฀f฀฀฀1฀฀฀l฀e฀t฀t฀e฀r฀/฀2฀฀฀s฀,฀฀฀f฀o฀l฀l฀o฀w฀e฀d฀฀฀b฀y฀฀฀1฀฀฀l฀e฀t฀t฀e฀r฀/฀1฀฀฀s฀.
Divided attention฀฀ ฀w a฀s฀฀ ฀a฀s฀s฀e฀s฀s฀e฀d฀฀ ฀u฀s฀i฀n฀g฀฀ ฀t฀h฀e฀฀฀T฀e฀s฀t฀฀ ฀o฀f฀฀ ฀E฀v฀e฀r฀y฀d฀a฀y฀฀
฀A฀t฀t฀e฀n฀t฀i฀o฀n฀ ฀(฀T E A฀)฀฀ ( R฀o฀b฀e฀r฀t฀s฀o฀n฀฀฀e฀t฀฀฀a฀l฀.฀฀฀1฀9฀9฀4฀)฀.฀฀฀T฀h฀e฀฀฀T฀e฀l฀e฀p฀h฀o฀n฀e฀฀฀S฀e฀a฀r฀c฀h฀฀
฀(฀s฀u฀b฀t฀e฀s฀t฀ ฀6฀;฀฀ ฀s฀i฀n฀g l฀e ฀ a t฀t฀e฀n฀t฀i฀o฀n฀)฀฀ ฀r฀e฀q฀u฀i฀r฀e฀d฀฀ ฀s฀y฀m฀b฀o฀l฀s฀฀ ฀(฀n฀฀ ฀=฀฀ ฀2฀0฀)฀฀ ฀t฀o฀฀ ฀b฀e฀฀
Fig. 1. Study design. Outcome measures were obtained for Immediate 
Training (IT) and Delayed Training (DT) groups during up to 4 visits, inter-
spersed either with home-based phoneme discrimination training or an 
equivalent (control) period without training. 




฀b฀e฀฀ ฀p฀e฀r฀f฀o฀r฀m฀e฀d฀฀ ฀w฀h฀i฀l฀e฀฀ ฀s฀i฀m฀u฀l฀t฀a฀n฀e฀o฀u฀s฀l฀y฀฀ ฀c฀o฀u฀n฀t฀i฀n฀g฀฀ ฀s฀t฀r฀i฀n฀g฀s฀฀ ฀o฀f฀฀ ฀1฀฀฀k฀H฀z฀฀
฀t฀o฀n฀e฀s฀.฀฀฀T฀h฀e฀฀฀t฀i฀m฀e฀฀฀p฀e฀r฀฀฀t฀a฀r฀g฀e฀t฀฀฀f฀o฀r฀฀฀e฀a฀c฀h฀฀฀s฀u฀b฀t฀e฀s฀t฀฀฀a฀n฀d฀฀฀t฀h฀e฀฀฀฀d฀u฀a฀l฀-฀t฀a฀s฀k฀฀฀d฀e฀c-
฀r฀e฀m฀e฀n฀t฀฀ ฀(฀D฀T฀D฀;฀฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀฀ ฀b฀e฀t฀w฀e฀e฀n฀฀ ฀s฀i฀n฀g฀l฀e฀฀ ฀a฀n฀d฀฀ ฀d฀u฀a฀l฀฀ ฀t฀a฀s฀k฀s฀)฀฀ ฀w฀e฀r฀e฀฀
฀m฀e฀a฀s฀u฀r฀e฀d฀฀฀u฀s฀i฀n฀g฀฀฀d฀i฀f฀f฀e฀r฀e฀n฀t฀฀฀t฀e฀s฀t฀฀฀v฀e฀r฀s฀i฀o฀n฀s฀฀฀a฀c฀r฀o฀s฀s฀฀฀v฀i฀s฀i฀t฀s฀.
Speech Perception in Noise Measures ฀•฀฀ ฀T฀w฀o฀฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀฀ ฀o฀f฀฀








฀t฀i฀o฀n฀฀ ฀w฀a฀s฀฀ ฀a฀t฀฀ ฀8฀0฀฀ ฀d฀B฀A฀,฀฀ ฀w฀h฀i฀c฀h฀฀ ฀v฀a฀r฀i฀e฀d฀฀ ฀a฀d฀a฀p฀t฀i฀v฀e฀l฀y฀,฀฀ ฀i฀n฀฀ ฀1฀0฀฀ ฀a฀n฀d฀฀ ฀5฀฀ ฀d฀B฀฀
฀s฀t฀e฀p฀s฀฀฀o฀v฀e฀r฀฀฀t฀w฀o฀,฀฀฀o฀n฀e฀฀฀d฀o฀w฀n฀-฀o฀n฀e฀฀฀u฀p฀฀฀r฀e฀v฀e฀r฀s฀a฀l฀s฀,฀฀฀c฀h฀a฀n฀g฀i฀n฀g฀฀฀t฀o฀฀฀a฀฀฀t฀h฀r฀e฀e฀฀




฀2฀0฀0฀5฀)฀฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀฀ ฀s฀e฀r฀i฀e฀s฀฀ ฀o฀f฀฀ ฀t฀h฀r฀e฀e฀฀ ฀d฀i฀g฀i฀t฀s฀฀ ฀(฀m฀o฀n฀o฀s฀y฀l฀l฀a฀b฀l฀e฀s฀฀ ฀0฀฀ ฀t฀o฀฀ ฀9฀)฀฀
฀a฀g฀a฀i฀n฀s฀t฀฀฀s฀t฀e฀a฀d฀y฀,฀฀฀s฀p฀e฀e฀c฀h฀-฀s฀h฀a฀p฀e฀d฀฀฀b฀a฀c฀k฀g฀r฀o฀u฀n฀d฀฀฀n฀o฀i฀s฀e฀.฀฀฀S฀i฀x฀฀฀d฀i฀g฀i฀t฀฀฀l฀i฀s฀t฀s฀฀
฀w฀e฀r฀e฀฀฀r฀a฀n฀d฀o฀m฀i฀z฀e฀d฀฀฀t฀o฀฀฀m฀i฀n฀i฀m฀i฀z฀e฀฀฀o฀r฀d฀e฀r฀฀฀e฀f฀f฀e฀c฀t฀s฀.฀฀฀A฀n฀฀฀a฀u฀d฀i฀b฀i฀l฀i฀t฀y฀฀฀c฀h฀e฀c฀k฀฀
฀w฀a฀s฀฀ ฀p฀e฀r฀f฀o฀r฀m฀e฀d฀฀ ฀a฀t฀฀ ฀6฀5฀฀ ฀d฀B฀฀ ฀S฀P฀L฀฀ ฀i฀n฀฀ ฀q฀u฀i฀e฀t฀฀ ฀t฀o฀฀ ฀e฀n฀s฀u฀r฀e฀฀ ฀i฀d฀e฀n฀t฀i฀i฀c฀a฀t฀i฀o฀n฀฀











฀T฀h฀e฀฀ ฀o฀v฀e฀r฀a฀l฀l฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀D฀i฀s฀a฀b฀i฀l฀i฀t฀y฀฀ ฀a฀n฀d฀฀ ฀H฀a฀n฀d฀i฀c฀a฀p฀฀ ฀s฀c฀o฀r฀e฀s฀฀ ฀w฀e฀r฀e฀฀ ฀t฀h฀e฀฀
฀m฀e฀a฀n฀฀฀s฀c฀o฀r฀e฀s฀฀฀c฀o฀n฀v฀e฀r฀t฀e฀d฀฀฀t฀o฀฀฀a฀฀฀p฀e฀r฀c฀e฀n฀t฀a฀g฀e฀.
฀T฀h฀e฀฀Speech, Spatial and Qualities of Hearing฀฀฀(฀S฀S฀Q฀;฀฀฀G฀a฀t฀e-
฀h฀o฀u฀s฀e฀฀฀&฀฀฀N฀o฀b฀l฀e฀฀฀2฀0฀0฀4฀)฀฀฀a฀s฀s฀e฀s฀s฀e฀d฀฀฀a฀b฀i฀l฀i฀t฀i฀e฀s฀฀฀a฀n฀d฀฀฀e฀x฀p฀e฀r฀i฀e฀n฀c฀e฀฀฀o฀f฀฀฀h฀e฀a฀r-











฀H฀o฀m฀e฀-฀d฀e฀l฀i฀v฀e฀r฀e฀d฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀u฀s฀e฀d฀฀ ฀a฀฀ ฀c฀o฀m฀p฀u฀t฀e฀r฀฀ ฀g฀a฀m฀e฀฀
฀f฀o฀r฀m฀a฀t฀฀ ฀d฀e฀l฀i฀v฀e฀r฀e฀d฀฀ ฀o฀n฀฀ ฀t฀h฀e฀฀ ฀I฀H฀R฀-฀S฀T฀A฀R฀฀ ฀p฀l฀a฀t฀f฀o฀r฀m฀.฀฀ ฀T฀r฀a฀i฀n฀i฀n฀g฀฀ ฀w฀a฀s฀฀
฀b฀a฀s฀e฀d฀฀ ฀o฀n฀฀ ฀t฀h฀e฀฀ ฀“฀P฀h฀o฀n฀o฀m฀e฀n฀a฀”฀฀ ฀p฀h฀o฀n฀e฀m฀e฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀p฀a฀c฀k฀a฀g฀e฀,฀฀ ฀f฀u฀l฀l฀y฀฀
฀d฀e฀s฀c฀r฀i฀b฀e฀d฀฀฀b฀y฀฀฀M฀o฀o฀r฀e฀฀฀e฀t฀฀฀a฀l฀.฀฀฀(฀2฀0฀0฀5฀)฀,฀฀฀b฀u฀t฀฀฀w฀i฀t฀h฀฀฀g฀r฀a฀p฀h฀i฀c฀s฀฀฀d฀e฀s฀i฀g฀n฀e฀d฀฀
฀f฀o฀r฀฀ ฀a฀d฀u฀l฀t฀฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀.฀฀ ฀E฀l฀e฀v฀e฀n฀฀ ฀p฀h฀o฀n฀e฀m฀e฀฀ ฀c฀o฀n฀t฀i฀n฀u฀a฀฀ ฀(฀/฀a฀/฀-฀/฀u฀h฀/฀,฀฀
฀฀/฀b฀/฀-฀/฀d฀/฀,฀฀ ฀/฀d฀/฀-฀/฀g฀/฀,฀฀ ฀/฀e฀/฀-฀/฀a฀/฀,฀฀ ฀/฀e฀r฀/฀-฀/฀o฀r฀/฀,฀฀ ฀/฀i฀/฀-฀/฀e฀/฀,฀฀ ฀/฀l฀/฀-฀/฀r฀/฀,฀฀ ฀/฀m฀/฀-฀/฀n฀/฀,฀฀ ฀/฀s฀/฀-฀/฀s฀h฀/฀,฀฀
฀/฀s /฀- /฀t฀h฀/฀,฀฀ ฀a n฀d฀฀฀฀/฀v /฀- /฀w฀/฀)฀,฀฀ ฀e฀m฀b฀e฀d฀d฀e฀d฀฀ ฀i฀n฀฀ ฀s฀y฀l฀l฀a฀b฀l฀e฀s฀฀ ฀w฀h฀e฀r฀e฀฀ ฀n฀e฀e฀d฀e฀d฀฀ ฀f฀o฀r฀฀
n t u฀r a฀l฀฀ a r t i฀c u฀l฀a฀t฀i o฀n฀,฀฀฀w฀e฀r฀e฀฀฀s฀y฀n฀t฀h฀e฀s฀i฀z฀e฀d฀฀฀f฀r฀o฀m฀฀฀e฀n฀d฀p฀o฀i฀n฀t฀s฀฀฀c฀o฀n฀s฀i฀s฀t-
฀i n g ฀ o f฀฀฀r฀e฀a฀l v฀o i฀c฀e฀฀฀r e฀c฀o฀r฀d฀i฀n฀g฀s฀.฀฀฀E฀a฀c฀h฀฀฀c฀o฀n฀t฀i฀n฀u฀u฀m฀฀฀t฀r฀a฀n฀s฀i฀t฀i฀o฀n฀e฀d฀฀฀f฀r฀o฀m฀฀
฀o฀n฀e฀฀ p฀h฀o฀n฀e฀m฀e ฀ ฀t฀o฀ ฀t h e฀฀ ฀o฀t฀h฀e฀r฀฀ ฀i฀n฀฀ ฀9฀6฀฀ ฀s฀t฀e฀p฀s฀,฀฀ ฀s฀a฀v฀e฀d฀฀ ฀a฀s฀฀ ฀d฀i฀s฀c฀r฀e฀t฀e฀.฀w฀a฀v฀฀
฀i฀l฀e s฀.฀฀ ฀T h฀e฀฀ ฀s฀t฀i฀m u l฀i ฀ ฀w฀e฀r฀e฀฀ ฀d฀e฀l฀i฀v฀e฀r฀e฀d฀฀ ฀t฀h฀r฀o฀u฀g฀h฀฀ ฀S฀e฀n฀n฀h฀e฀i฀s฀e฀r฀฀ ฀H฀D฀-฀2฀5฀฀
฀h฀e฀a฀d฀p฀h฀o฀n฀e s฀ ฀a฀t฀ ฀a ฀฀i฀x฀e฀d฀฀฀l฀e฀v฀e฀l฀฀฀o฀f฀฀฀7฀5฀฀฀d฀B฀A฀.฀฀฀A฀฀฀t฀h฀r฀e฀e฀-฀i฀n฀t฀e฀r฀v฀a฀l฀,฀฀฀t฀h฀r฀e฀e฀-
a l฀t e฀r n฀a฀t฀i฀v฀e฀,฀฀ ฀฀f฀o฀r฀c฀e฀d฀-฀c฀h฀o฀i฀c฀e฀,฀฀ ฀o฀d฀d฀b฀a฀l฀l฀฀ ฀p฀a฀r฀a฀d฀i฀g฀m฀฀ ฀w฀a฀s฀฀ ฀u฀s฀e฀d฀;฀฀ ฀t฀h฀e฀฀
฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀’฀s฀฀ ฀t฀a฀s฀k฀฀ ฀w฀a฀s฀฀ ฀t฀o฀฀ ฀c฀h฀o฀o฀s฀e฀฀ ฀t฀h฀e฀฀ ฀o฀d฀d฀฀ ฀o฀n฀e฀฀ ฀o฀u฀t฀฀ ฀f฀r฀o฀m฀฀ ฀t฀h฀r฀e฀e฀฀
฀s฀e฀q฀u฀e฀n฀t฀i฀a฀l฀l฀y฀฀฀p฀r฀e฀s฀e฀n฀t฀e฀d฀฀฀p฀h฀o฀n฀e฀m฀e฀s฀.฀฀฀F฀e฀e฀d฀b฀a฀c฀k฀฀฀(฀c฀o฀r฀r฀e฀c฀t฀/฀i฀n฀c฀o฀r฀r฀e฀c฀t฀฀




฀o฀f฀฀ ฀t฀h฀e฀฀ ฀t฀h฀r฀e฀e฀฀ ฀i฀n฀t฀e฀r฀v฀a฀l฀s฀,฀฀ ฀r฀e฀s฀u฀l฀t฀e฀d฀฀ ฀o฀n฀฀ ฀t฀h฀e฀฀ ฀n฀e฀x฀t฀฀ ฀t฀r฀i฀a฀l฀฀ ฀i฀n฀฀ ฀t฀h฀e฀฀ ฀i฀d฀e฀n฀t฀i-
฀c฀a฀l฀฀ ฀a฀n฀d฀฀ ฀t฀a฀r฀g฀e฀t฀฀ ฀p฀h฀o฀n฀e฀m฀e฀s฀฀ ฀b฀e฀i฀n฀g฀฀ ฀c฀h฀o฀s฀e฀n฀฀ ฀f฀r฀o฀m฀฀ ฀a฀฀ ฀m฀o฀r฀e฀฀ ฀d฀i฀f฀i฀c฀u฀l฀t฀฀
฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀฀ ฀(฀e฀.฀g฀.฀,฀฀ ฀i฀l฀e฀s฀฀ ฀#฀1฀1฀฀ ฀a฀n฀d฀฀ ฀#฀8฀6฀;฀฀ ฀i฀.฀e฀.฀,฀฀ ฀s฀t฀e฀p฀฀ ฀s฀i฀z฀e฀฀ ฀1฀0฀)฀.฀฀฀T฀r฀i฀a฀l฀s฀฀






฀P฀h฀o฀n฀e฀m฀e฀฀ ฀p฀a฀i฀r฀s฀฀ ฀w฀e฀r฀e฀฀ ฀s฀e฀l฀e฀c฀t฀e฀d฀฀ ฀s฀e฀q฀u฀e฀n฀t฀i฀a฀l฀l฀y฀฀ ฀o฀n฀฀ ฀a฀฀ ฀r฀o฀t฀a฀t฀i฀o฀n฀a฀l฀฀
฀b฀a฀s฀i฀s฀.฀฀ ฀P฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀ ฀w฀e฀r฀e฀฀ ฀a฀s฀k฀e฀d฀฀ ฀t฀o฀฀ ฀t฀r฀a฀i฀n฀฀ ฀f฀o฀r฀฀ ฀1฀5฀฀฀m฀i฀n฀/฀d฀a฀y฀,฀฀ ฀6฀฀ ฀d฀a฀y฀s฀/
฀w฀e฀e฀k฀฀฀o฀v฀e฀r฀฀฀a฀฀฀4฀-฀w฀e฀e฀k฀฀฀p฀e฀r฀i฀o฀d฀฀฀(฀3฀6฀0฀฀฀m฀i฀n฀฀฀i฀n฀฀฀t฀o฀t฀a฀l฀)฀.฀฀฀T฀h฀e฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀w฀a฀s฀฀




฀i฀n฀g฀฀ ฀s฀e฀s฀s฀i฀o฀n฀฀ ฀a฀฀ ฀g฀r฀a฀p฀h฀i฀c฀a฀l฀฀ ฀d฀i฀s฀p฀l฀a฀y฀฀ ฀p฀l฀o฀t฀t฀e฀d฀฀ ฀t฀h฀e฀฀ ฀a฀v฀e฀r฀a฀g฀e฀฀ ฀t฀h฀r฀e฀s฀h฀o฀l฀d฀฀
฀e฀a฀c฀h฀฀฀d฀a฀y฀฀฀a฀n฀d฀฀฀t฀h฀e฀฀฀c฀u฀m฀u฀l฀a฀t฀i฀v฀e฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀t฀i฀m฀e฀.
฀T฀h฀e฀r฀e฀฀ ฀w฀a฀s฀฀ ฀n฀o฀฀ ฀p฀r฀e฀s฀e฀l฀e฀c฀t฀i฀o฀n฀฀ ฀o฀f฀฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀ ฀b฀a฀s฀e฀d฀฀ ฀o฀n฀฀ ฀t฀h฀e฀i฀r฀฀




Analysis of Outcome Measures
฀T฀o฀฀ ฀a฀s฀s฀e฀s฀s฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀a฀n฀d฀฀ ฀t฀e฀s฀t฀-฀r฀e฀t฀e฀s฀t฀฀ ฀e฀f฀f฀e฀c฀t฀s฀฀ ฀a฀n฀d฀฀ ฀t฀o฀฀ ฀c฀o฀n฀t฀r฀o฀l฀฀ ฀f฀o฀r฀฀
฀m฀u฀l฀t฀i฀p฀l฀e฀฀ ฀t฀e฀s฀t฀i฀n฀g฀฀ ฀t฀h฀a฀t฀฀ ฀i฀s฀฀ ฀i฀m฀p฀l฀i฀c฀i฀t฀฀ ฀i฀n฀฀ ฀r฀e฀p฀e฀a฀t฀e฀d฀฀ ฀u฀n฀i฀v฀a฀r฀i฀a฀t฀e฀฀ ฀a฀n฀a฀l฀y฀s฀e฀s฀฀









฀T฀o฀฀ ฀a฀s฀s฀e฀s฀s฀฀ ฀w฀h฀e฀t฀h฀e฀r฀฀ ฀t฀h฀e฀฀ ฀I฀T฀฀ ฀g฀r฀o฀u฀p฀฀ ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀d฀฀ ฀a฀n฀y฀฀ ฀s฀i฀g฀n฀i฀i-
฀c฀a฀n฀t฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀-฀r฀e฀l฀a฀t฀e฀d฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀ ฀(฀t฀1฀–฀t฀2฀)฀฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀฀ ฀w฀i฀t฀h฀฀
฀t฀h฀e฀฀฀c฀o฀n฀t฀r฀o฀l฀฀฀p฀e฀r฀i฀o฀d฀฀฀f฀o฀r฀฀฀t฀h฀e฀฀฀D฀T฀฀฀g฀r฀o฀u฀p฀฀฀(฀t฀0฀–฀t฀1฀)฀,฀฀ ฀a฀฀฀b฀e฀t฀w฀e฀e฀n฀-฀g฀r฀o฀u฀p฀฀
฀M฀A฀N฀O฀V฀A฀฀฀o฀f฀฀฀t฀h฀e฀฀฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀฀m฀e฀a฀s฀u฀r฀e฀s฀฀฀f฀r฀o฀m฀฀฀t฀h฀e฀฀฀p฀r฀e฀v฀i฀o฀u฀s฀฀฀a฀n฀a฀l฀y-
฀s฀i฀s฀฀ ฀w฀a฀s฀฀ ฀p฀e฀r฀f฀o฀r฀m฀e฀d฀,฀฀ ฀w฀i฀t฀h฀฀ ฀g฀r฀o฀u฀p฀฀ ฀(฀I฀T฀฀ ฀a฀n฀d฀฀ ฀D฀T฀)฀฀ ฀a฀s฀฀ ฀t฀h฀e฀฀ ฀b฀e฀t฀w฀e฀e฀n฀-
฀s฀u฀b฀j e฀c฀t฀s ฀ f฀a c t฀o฀r฀.
฀T฀h฀e฀ ฀i n฀a l ฀ a฀n a฀l฀y฀s i฀s฀฀ ฀a฀s฀s฀e฀s฀s฀e฀d฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀-฀r฀e฀l฀a฀t฀e฀d฀฀ ฀e฀f฀f฀e฀c฀t฀s฀฀ ฀f฀o฀r฀฀ ฀t฀h฀e฀฀
฀w h o฀l฀e฀฀ ฀s฀a฀m p l e . ฀ ฀I฀f ฀ ฀M฀A฀N฀O฀V฀A฀฀ ฀s฀h฀o฀w฀e฀d฀฀ ฀n฀o฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀฀
฀i n฀฀ t฀h e฀฀฀p฀r฀e฀t฀r฀a฀i฀n฀i฀n฀g฀฀ a n฀d฀฀฀p฀o฀s฀t฀-฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀r฀e฀s฀u฀l฀t฀s฀฀฀(฀t฀1฀–฀t฀2฀)฀฀฀b฀e฀t฀w฀e฀e฀n฀฀฀t฀h฀e฀฀
฀I m฀m e฀d฀i t฀e฀ ฀a฀n d฀฀฀D฀e฀l฀a฀y฀e฀d฀฀฀T฀r฀a฀i฀n฀i฀n฀g฀฀฀g฀r฀o฀u฀p฀s฀,฀฀฀t฀h฀e฀฀฀t฀w฀o฀฀฀g฀r฀o฀u฀p฀s฀฀฀w฀e฀r฀e฀฀




฀w฀e฀r฀e฀฀ ฀p฀e฀r฀f฀o฀r฀m฀e฀d฀฀ ฀t฀o฀฀ ฀a฀s฀s฀e฀s฀s฀฀ ฀w฀h฀i฀c฀h฀฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀฀ ฀o฀u฀t฀c฀o฀m฀e฀฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀฀
฀r฀e฀a฀c฀h฀e฀d฀฀฀s฀i฀g฀n฀i฀i฀c฀a฀n฀c฀e฀.
฀B฀e฀t฀w฀e฀e฀n฀-฀g฀r฀o฀u฀p฀฀฀a฀n฀d฀฀฀b฀e฀t฀w฀e฀e฀n฀-฀v฀i฀s฀i฀t฀฀฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀฀w฀e฀r฀e฀฀฀s฀i฀g฀n฀e฀d฀฀
฀t฀o฀฀฀g฀i฀v฀e฀฀฀a฀฀฀p฀o฀s฀i฀t฀i฀v฀e฀฀฀s฀c฀o฀r฀e฀.฀฀฀E฀f฀f฀e฀c฀t฀฀฀s฀i฀z฀e฀฀฀(฀C฀o฀h฀e฀n฀’฀s฀฀d฀)฀฀ w฀a s ฀฀d e฀r฀i฀v฀e฀d฀ ฀f o฀r ฀







฀c฀a฀n฀t฀฀ ฀d฀e฀m฀o฀g฀r฀a฀p฀h฀i฀c฀฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀฀ ฀b฀e฀t฀w฀e฀e฀n฀฀ ฀t฀h฀e฀฀ ฀I฀T฀฀ ฀a฀n฀d฀฀ ฀D฀T฀฀ ฀g฀r฀o฀u฀p฀s฀:฀฀
฀m฀e฀a฀n฀฀ ฀a฀g฀e฀฀ ฀(฀I฀T฀฀฀=฀฀ ฀6฀5฀.฀0฀฀ ฀y฀e฀a฀r฀s฀;฀฀ ฀D฀T฀฀฀=฀฀ ฀6฀5฀.฀0฀฀ ฀y฀e฀a฀r฀s฀)฀,฀฀ ฀b฀e฀t฀t฀e฀r฀฀ ฀e฀a฀r฀฀ ฀H฀T฀L฀฀
฀(฀0฀.฀5฀฀ ฀t฀o฀฀ ฀4฀฀ ฀k฀H฀z฀:฀฀ ฀I฀T฀฀ ฀=฀฀ ฀2฀8฀.฀2฀฀ ฀d฀B฀฀ ฀H฀L฀;฀฀ ฀D฀T฀฀ ฀=฀฀ ฀2฀8฀.฀0฀฀ ฀d฀B฀฀ ฀H฀L฀)฀,฀฀ ฀s฀o฀c฀i฀o-
฀e฀c฀o฀n฀o฀m฀i฀c฀฀ ฀s฀t฀a฀t฀u฀s฀฀ ฀(฀I฀n฀d฀e฀x฀฀ ฀o฀f฀฀ ฀M฀u฀l฀t฀i฀p฀l฀e฀฀ ฀D฀e฀p฀r฀i฀v฀a฀t฀i฀o฀n฀;฀฀ ฀N฀o฀b฀l฀e฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀
฀2฀0฀0฀8฀;฀฀ ฀I฀T฀฀ ฀=฀฀ ฀1฀5฀,฀0฀3฀6฀;฀฀ ฀D฀T฀฀ ฀=฀฀ ฀1฀5฀,฀3฀1฀7฀)฀,฀฀ ฀s฀e฀x฀฀ ฀r฀a฀t฀i฀o฀฀ ฀(฀m฀a฀l฀e฀:฀f฀e฀m฀a฀l฀e฀:฀฀
฀I฀T฀฀ ฀=฀฀ ฀0฀.฀7฀0฀;฀฀ ฀D฀T฀฀ ฀=฀฀ ฀0฀.฀6฀2฀)฀,฀฀ ฀o฀r฀฀ ฀n฀o฀n฀v฀e฀r฀b฀a฀l฀฀ ฀i฀n฀t฀e฀l฀l฀i฀g฀e฀n฀c฀e฀฀ ฀q฀u฀o฀t฀i฀e฀n฀t฀฀ 









t฀h r฀e e฀฀฀c฀a฀t g฀o r฀i฀e฀s฀฀ o฀f฀฀฀c฀o฀m฀p฀u฀t฀e฀r฀฀฀u฀s฀e฀r฀฀฀(฀n฀e฀v฀e฀r฀,฀฀฀b฀e฀g฀i฀n฀n฀e฀r฀,฀฀฀a฀n฀d฀฀฀c฀o฀m฀p฀e-
t฀e฀n t )฀฀฀w a s ฀฀3฀8฀4฀. 9฀,฀฀฀3฀7฀4฀.฀3฀,฀฀฀a฀n฀d฀฀฀3฀7฀9฀.฀7฀฀฀m฀i฀n฀,฀฀฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀.฀฀฀A฀l฀l฀฀฀p฀a฀r฀t฀i฀c฀i-
฀p฀a฀n฀t฀s฀฀ c฀o฀m฀p฀l฀e฀t฀e฀d฀ ฀a฀t฀฀฀l฀e฀a฀s฀t฀฀฀6฀฀฀f฀u฀l฀l฀฀฀b฀l฀o฀c฀k฀s฀,฀฀฀a฀n฀d฀฀฀j฀u฀s฀t฀฀฀o฀v฀e฀r฀฀฀t฀w฀o฀฀฀t฀h฀i฀r฀d฀s฀฀
฀(฀7฀0฀.฀8฀%฀)฀฀ ฀c฀o฀m฀p฀l฀e฀t฀e฀d฀฀ ฀a฀t฀฀ ฀l฀e฀a฀s฀t฀฀ ฀1฀0฀฀ ฀b฀l฀o฀c฀k฀s฀.฀฀ ฀T฀h฀e฀฀ ฀m฀a฀j฀o฀r฀i฀t฀y฀฀ ฀o฀f฀฀ ฀t฀h฀o฀s฀e฀฀
w h o ฀ d฀i฀d ฀฀n o t฀฀ m฀e฀e฀t฀฀ t฀h฀e฀฀฀r฀e฀q฀u฀e฀s฀t฀e฀d฀฀฀3฀6฀0฀฀฀m฀i฀n฀฀฀o฀f฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀w฀e฀r฀e฀฀฀b฀e฀g฀i฀n-
฀n e r s฀฀฀(฀n฀฀฀=฀฀฀6฀)฀,฀฀฀a฀n฀d฀฀฀t฀h฀e฀฀฀r฀e฀m฀a฀i฀n฀i฀n฀g฀฀฀t฀h฀r฀e฀e฀฀฀w฀e฀r฀e฀฀฀c฀o฀m฀p฀e฀t฀e฀n฀t฀฀฀P฀C฀฀฀u฀s฀e฀r฀s฀.฀฀
฀A฀l฀l฀฀฀t฀h฀o s฀e฀฀฀w h o฀ ฀h฀a d฀฀ n e฀v฀e฀r฀฀฀u฀s฀e฀d฀฀฀a฀฀฀c฀o฀m฀p฀u฀t฀e฀r฀฀฀e฀x฀c฀e฀e฀d฀e฀d฀฀฀t฀h฀e฀฀฀r฀e฀q฀u฀i฀r฀e฀d฀฀
a฀m o฀u฀n฀t ฀o฀f฀ ฀t฀r฀a i฀n฀i฀n g .฀฀฀T฀h฀e฀r฀e฀฀฀w฀a฀s฀฀฀n฀o฀฀฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀฀฀i฀n฀฀฀t฀h฀e฀฀฀m฀e฀a฀n฀฀฀t฀o฀t฀a฀l฀฀




฀A฀c฀r฀o฀s฀s฀฀ ฀b฀o฀t฀h฀฀ ฀g฀r฀o฀u฀p฀s฀฀ ฀o฀f฀฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀ ฀t฀h฀e฀r฀e฀฀ ฀w฀a฀s฀฀ ฀a฀฀ ฀h฀i฀g฀h฀l฀y฀฀ ฀s฀i฀g-
฀n฀i฀i฀c฀a฀n฀t฀฀ ฀i฀m฀p฀r฀ ฀v฀e฀m฀e฀n฀t฀฀ ฀w฀i฀t฀h฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀i฀n฀฀ ฀p฀h฀o฀n฀e฀m฀e฀฀ ฀d฀i฀s฀c฀r฀i฀m฀i฀n฀a-
฀t฀i฀o฀n฀฀฀t฀h฀r฀ ฀s฀h฀o฀l฀d฀฀฀f฀o฀r฀฀฀a฀l฀l฀฀฀1฀1฀฀฀p฀h฀o฀n฀e฀m฀e฀฀฀p฀a฀i฀r฀s฀฀฀(F฀(฀1฀,฀฀ 3฀9฀3฀1 .฀1฀) ฀฀= ฀4฀7฀9฀.฀1฀,฀฀ 
p฀฀ ฀<฀฀ ฀0฀.฀0฀0฀1฀)฀,฀฀ ฀s฀h฀o฀w฀n฀฀ ฀i฀n฀฀ ฀F฀i฀g฀u฀r฀e฀฀ ฀2฀.฀฀ ฀T฀h฀i฀s฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀฀ ฀w฀a฀s฀฀ ฀a฀l฀s฀o฀฀
฀e฀v฀i฀d฀e฀n฀t฀฀ ฀f฀o฀r฀฀ ฀e฀a฀c฀h฀฀ ฀g฀r฀o฀u฀p฀฀ ฀w฀h฀e฀n฀฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀฀ ฀s฀e฀p฀a฀r฀a฀t฀e฀l฀y฀฀ ฀(฀I฀T฀:฀฀F ( 1 ,฀
฀2฀0฀4฀3฀.฀3฀)฀฀฀=฀฀฀1฀5฀3฀.฀3฀,฀฀p ฀฀<฀ ฀0฀.฀0฀0฀1฀;฀฀฀D฀T฀:฀฀F฀(฀1฀, ฀฀1฀9฀1฀1฀.฀2฀)฀฀฀=฀฀฀8฀4฀.฀2฀,฀฀p฀฀฀<฀ ฀0฀.฀0฀0฀1฀)฀.฀฀
฀F฀o฀r฀฀฀e฀a฀c฀h฀฀฀p฀h฀o฀n฀e฀m฀e฀฀฀c฀o฀n฀t฀i฀n฀u฀u฀m฀,฀฀฀t฀h฀e฀฀฀r฀e฀g฀r฀e฀s฀s฀i฀o฀n฀฀฀l฀i฀n฀e฀฀฀i฀t฀t฀e฀d฀฀฀t฀o฀฀฀a฀l฀l฀฀฀t฀h฀e฀฀
฀d฀a฀t฀a฀฀฀p฀o฀i฀n฀t฀s฀฀฀h฀a฀d฀฀฀a฀฀฀s฀h฀a฀l฀l฀o฀w฀e฀r฀฀฀s฀l฀o฀p฀e฀฀฀t฀h฀a฀n฀฀฀t฀h฀e฀฀฀d฀i฀a฀g฀o฀n฀a฀l฀,฀฀฀i฀n฀d฀i฀c฀a฀t฀i฀n฀g฀฀
TABLE 1. Mean (SD) for the on-task and off-task measures for the immediate training and delayed training groups at each visit
Immediate Training Delayed Training
Time (weeks) Time (weeks)
Variables t1 (0) t2 (4) t3 (8) t0 (0) t1 (4) t3 (8) t4 (12)
On-task outcome measure
  Auditory processing
   Phoneme probe /a/-/e/ (%) 68.6 (10.5) 59.6 (4.5) 57.6 (3.5)  61.9 (6.6) 62.3 (8.9) 56.9 (7.0) 57.7 (5.9)
Off-task outcome measures
  Speech intelligibility SRT
   Digit triplet-in-noise (dB) −7.0 (1.3) −7.3 (1.3) −7.2 (1.6)  −7.0 (2.0) −6.8 (1.6) −7.5 (1.4) −7.3 (1.7)
   ASL sentence-in-noise (dB) 60.5 (4.0) 59.7 (2.9) 60.1 (2.8)  62.2 (3.9) 60.8 (3.8) 60.6 (3.4) 59.0 (2.9)
  Cognition
   TEA single task 3.2 (0.8) 3.1 (0.8) 3.0 (0.7)  3.6 (0.6) 3.6 (0.8) 3.4 (0.8) 3.1 (0.6)
   TEA dual-task decrement 1.4 (1.0) 0.8 (1.0) 0.4 (0.6)  1.2 (1.0) 1.1 (1.3) 0.7 (0.9) 0.8 (0.7)
   Digit Span 16.2 (4.2) 16.8 (4.7) 16.8 (4.2)  16.6 (3.1) 17.1 (3.4) 17.7 (4.1) 18.6 (3.8)
   VLM 1 second (1/s) 5.5 (2.5) 6.7 (2.6) 6.6 (2.3)  5.8 (2.8) 6.1 (2.5) 6.7 (2.2) 7.2 (2.5)
   VLM 2 second (1/2s) 8.1 (1.7) 8.8 (1.5) 8.9 (1.5)  8.4 (1.6) 7.8 (2.2) 8.8 (2.3) 8.9 (1.2)
  Self-report
   GHABP Disability (%) 34.2 (14.9) 27.5 (13.4) 29.7 (13.5)  37.2 (17.9) 37.8 (15.1) 34.7 (17.9) 40.0 (18.6)
   GHABP Handicap (%) 27.8 (19.2) 20.8 (15.1) 21.7 (18.6)  32.3 (24.7) 31.0 (20.7) 31.6 (21.5) 31.0 (23.5)
   SSQ Speech (0-10) 5.5 (1.5) 5.8 (1.5) 5.5 (1.8)  5.3 (1.8) 5.5 (1.5) 5.4 (1.6) 5.5 (1.6)
   SSQ Spatial (0-10) 6.9 (1.5) 6.9 (1.6) 6.3 (2.0)  6.1 (1.8) 6.0 (1.8) 6.0 (1.8) 6.0 (1.8)
   SSQ Qualities (0-10) 7.3 (1.5) 7.3 (1.4) 6.8 (2.1)  6.5 (1.6) 6.7 (1.4) 6.8 (1.2) 6.8 (1.5)
 Significance levels are noted for pre- to post-training changes between visits for Immediate Training (t1–t2) and Delayed Training (t2–t3) groups. Shaded areas show the significant 
(p ≤ 0.05) improvements from paired t test analysis.
ASL, Adaptive Sentence List; GHABP, Glasgow Hearing Aid Benefit Profile; SRT, speech reception threshold; SSQ, Speech, Spatial and Qualities of Hearing; TEA, Test of Everyday Attention; 
VMT, Visual Letter Monitoring.
TABLE 2. Computer skill mix for all participants, the Immediate 
Training and Delayed Training groups
Group N Never Beginner Competent
All participants 44 7 (15.9%) 20 (45.5%) 17 (38.6%)
Immediate Training 23 3 (13 %) 11 (47.8%) 9 (39.1%)
Delayed Training 21 4 (19%) 9 (42.9%) 8 (38.1%)
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฀t฀h฀e฀฀ ฀l฀a฀r฀g฀e฀s฀t฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀ ฀o฀c฀c฀u฀r฀r฀e฀d฀฀ ฀f฀o฀r฀฀ ฀t฀h฀o฀s฀e฀฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀s฀฀ ฀w฀h฀o฀฀
฀h฀a฀d฀฀฀t฀h฀e฀฀฀p฀o฀o฀r฀e฀s฀t฀฀฀i฀n฀i฀t฀i฀a฀l฀฀฀t฀h฀r฀e฀s฀h฀o฀l฀d฀s฀฀฀(฀F฀i฀g฀.฀฀฀3฀)฀.฀฀฀T฀h฀e฀r฀e฀฀฀w฀a฀s฀฀฀a฀฀฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀
฀c฀o฀r฀r฀e฀l฀a฀t฀i฀o฀n฀฀฀b฀e฀t฀w฀e฀e฀n฀฀฀t฀h฀e฀฀฀t฀h฀r฀e฀s฀h฀o฀l฀d฀s฀฀฀f฀o฀r฀฀฀t฀h฀e฀฀฀i฀r฀s฀t฀฀฀a฀n฀d฀฀฀l฀a฀s฀t฀฀฀b฀l฀o฀c฀k฀฀฀f฀o฀r฀฀





฀w฀a฀s฀฀ ฀g฀e฀n฀e฀r฀a฀l฀l฀y฀฀ ฀g฀r฀e฀a฀t฀e฀s฀t฀฀ ฀f฀o฀r฀฀ ฀t฀h฀e฀฀ ฀p฀h฀o฀n฀e฀m฀e฀฀ ฀c฀o฀n฀t฀i฀n฀u฀a฀฀ ฀t฀h฀a฀t฀฀ ฀p฀a฀r฀t฀i฀c฀i-
฀p฀a฀n฀t฀s฀฀฀f฀o฀u฀n฀d฀฀฀m฀o฀s฀t฀฀฀d฀i฀f฀i฀c฀u฀l฀t฀฀฀t฀o฀฀฀d฀i฀s฀c฀r฀i฀m฀i฀n฀a฀t฀e฀฀฀a฀t฀฀฀t฀h฀e฀฀฀o฀u฀t฀s฀e฀t฀฀฀(฀p฀a฀r฀t฀i฀a฀l฀฀
η2฀:฀฀฀/฀d฀/฀-฀/฀g฀/฀฀฀=฀฀฀0฀.฀2฀5฀;฀฀฀/฀s฀/฀-฀/฀t฀h฀/฀฀฀=฀฀฀0฀.฀2฀4฀;฀฀฀/฀b฀/฀-฀/฀d฀/฀฀฀=฀฀฀0฀.฀1฀6฀;฀฀฀/฀a฀/฀-฀/฀u฀h฀/฀฀฀=฀฀฀0฀.฀1฀6฀;฀฀




฀w฀a฀s฀฀ ฀n฀o฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀฀ ฀i฀n฀฀ ฀t฀h฀e฀฀ ฀D฀T฀฀ ฀g฀r฀o฀u฀p฀฀ ฀d฀u฀r฀i฀n฀g฀฀ ฀t฀h฀e฀฀ ฀n฀o฀-฀t฀r฀a฀i฀n฀i฀n฀g฀฀
฀c฀o฀n฀t฀r฀o฀l฀฀ ฀p฀h฀a฀s฀e฀฀ ฀(฀t฀0฀–฀t฀1฀)฀,฀฀ ฀i฀n฀d฀i฀c฀a฀t฀i฀n฀g฀฀ ฀t฀h฀a฀t฀฀ ฀r฀e฀p฀e฀a฀t฀e฀d฀฀ ฀t฀e฀s฀t฀i฀n฀g฀฀ ฀o฀n฀฀ ฀t฀h฀e฀฀
฀p฀r฀o฀b฀e฀฀ ฀d฀i฀d฀฀ ฀n฀o฀t฀฀ ฀i฀t฀s฀e฀l฀f฀฀ ฀p฀r฀o฀d฀u฀c฀e฀฀ ฀i฀m฀p฀r฀o฀v฀e฀d฀฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀฀ ฀(฀i฀.฀e฀.฀,฀฀ ฀n฀o฀฀
฀t฀e฀s฀t฀-฀r฀e฀t฀e฀s฀t฀฀฀e฀f฀f฀e฀c฀t฀)฀.฀฀฀N฀o฀r฀฀฀d฀i฀d฀฀฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀฀฀c฀h฀a฀n฀g฀e฀฀฀f฀o฀r฀฀฀e฀i฀t฀h฀e฀r฀฀฀g฀r฀o฀u฀p฀฀
฀d฀u฀r฀i฀n฀g฀฀ ฀t฀h฀e฀฀ ฀4฀-฀w฀e฀e฀k฀฀ ฀p฀o฀s฀t฀-฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀p฀e฀r฀i฀o฀d฀฀ ฀(฀I฀T฀:฀฀ ฀t฀1฀–฀t฀2฀;฀฀ ฀D฀T฀:฀฀ ฀t฀2฀–฀t฀3฀)฀,฀฀
฀i฀n฀d฀i฀c฀a฀t฀i฀n฀g฀฀฀n฀o฀฀฀f฀u฀r฀t฀h฀e฀r฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀,฀฀฀o฀r฀฀฀l฀o฀s฀s฀฀฀o฀f฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀.
Generalization of Learning
฀T฀h฀e฀฀ ฀m฀a฀i฀n฀฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀฀ ฀o฀u฀t฀c฀o฀m฀e฀฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀฀ ฀f฀o฀r฀฀ ฀(฀1฀)฀฀
฀t฀h฀e฀฀ ฀w฀i฀t฀h฀i฀n฀-฀g฀r฀o฀u฀p฀฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀฀ ฀b฀e฀t฀w฀e฀e฀n฀฀ ฀t฀h฀e฀฀ ฀i฀r฀s฀t฀฀ ฀t฀w฀o฀฀ ฀v฀i฀s฀i฀t฀s฀฀ ฀f฀o฀r฀฀
฀t ฀ I T฀฀ ( t฀1฀– t฀2฀)฀ ฀a฀n฀d฀ ฀D T฀฀ ฀g฀r฀o฀u฀p฀s฀฀ ฀(฀t฀0฀–฀t฀1฀)฀฀ ฀s฀e฀p฀a฀r฀a฀t฀e฀l฀y฀,฀฀ ฀a฀n฀d฀฀ ฀(฀2฀)฀฀ ฀t฀h฀e฀฀
฀฀b e w฀e฀e฀n - g฀r o u฀p ฀ d i฀f฀ ฀e฀r฀e฀n฀c฀e฀฀ ฀f฀o฀r฀฀ ฀t฀h฀e฀฀ ฀i฀r฀s฀t฀฀ ฀t฀w฀o฀฀ ฀v฀i฀s฀i฀t฀s฀฀ ฀(฀s฀e฀e฀฀ ฀F฀i฀g฀.฀฀ ฀1฀)฀.฀฀
Fig. 2. Phoneme discrimination thresholds improved with training.  Mean 
phoneme discrimination threshold values for all 11 phoneme pairs across 
the training period (n = 44).
Fig. 3. The poorest initial phoneme discrimination thresholds improved the most with training. Thresholds for the first and last blocks for each individual partici-
pant. Correlation coefficient (r) = phoneme discrimination thresholds between the first and last blocks. Solid line = regression line fitted to all the data points.
e116  ฀F฀E฀R฀G฀U฀S฀O฀N฀฀฀E฀T฀฀฀A฀L฀.฀฀฀/฀฀฀E฀A฀R฀฀฀&฀฀฀H฀E฀A฀R฀I฀N฀G฀,฀฀฀V฀O฀L฀.฀฀฀3฀5฀,฀฀฀N฀O฀.฀฀฀4฀,฀฀฀e฀1฀1฀0฀–฀e฀1฀2฀1
฀T฀h฀e฀฀ ฀m฀e฀a฀n฀฀ ฀a฀n฀d฀฀ ฀s฀t฀a฀n฀d฀a฀r฀d฀฀ ฀d฀e฀v฀i฀a฀t฀i฀o฀n฀฀ ฀o฀f฀฀ ฀t฀h฀e฀฀ ฀o฀u฀t฀c฀o฀m฀e฀฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀฀ ฀a฀t฀฀
฀e฀a฀c฀h฀฀฀t฀e฀s฀t฀฀฀s฀e฀s฀s฀i฀o฀n฀,฀฀฀f฀o฀r฀฀฀b฀o฀t฀h฀฀฀g฀r฀o฀u฀p฀s฀,฀฀฀a฀r฀e฀฀฀s฀h฀o฀w฀n฀฀฀i฀n฀฀฀T฀a฀b฀l฀e฀฀฀1฀.
Speech Perception ฀•฀฀ ฀T฀h฀e฀r฀e฀฀ ฀w฀a฀s฀฀ ฀n฀o฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀ ฀b฀e฀t฀w฀e฀e฀n฀-฀v฀i฀s฀i฀t฀฀
฀c฀h฀a฀n฀g฀e฀฀ ฀i฀n฀฀ ฀s฀p฀e฀e฀c฀h฀-฀i฀n฀-฀n฀o฀i฀s฀e฀฀ ฀t฀e฀s฀t฀฀ ฀S฀R฀T฀s฀฀ ฀f฀o฀r฀฀ ฀e฀i฀t฀h฀e฀r฀฀ ฀t฀h฀e฀฀ ฀I฀T฀฀ ฀g฀r฀o฀u฀p฀฀
฀(฀t฀1฀–฀t฀2฀:฀฀F฀(฀2฀,฀฀฀2฀0฀)฀฀฀=฀฀฀1฀.฀0฀2฀,฀฀p฀฀ =฀฀฀0฀. 3฀8฀)฀฀฀o฀r฀฀฀t฀h฀e฀฀฀D฀T฀฀฀g฀r฀o฀u฀p฀฀฀(฀t฀0฀–฀t฀1฀:฀฀F฀( 2 ,฀
฀1฀9฀)฀฀฀=฀฀฀2฀.฀5฀1฀,฀฀p ฀฀=฀ ฀0฀.฀1฀1฀)฀,฀฀฀s฀h฀o฀w฀n฀฀฀i฀n฀฀฀F฀i฀g฀u฀r฀e฀฀฀4฀.
Cognition ฀•฀฀ ฀F฀o฀r฀฀ ฀t฀h฀e฀฀ ฀I฀T฀฀ ฀g฀r฀o฀u฀p฀,฀฀ ฀M฀A฀N฀O฀V฀A฀฀ ฀s฀h฀o฀w฀e฀d฀฀ ฀a฀฀ ฀s฀i฀g฀n฀i฀i-
฀c฀a฀n฀t฀฀ ฀o฀v฀e฀r฀a฀l฀l฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀฀ ฀i฀n฀฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀฀ ฀f฀o฀r฀฀ ฀a฀l฀l฀฀ ฀t฀h฀e฀฀ ฀c฀o฀g฀n฀i฀t฀i฀v฀e฀฀
฀m฀e฀a฀s฀u฀r฀e฀s฀฀ ฀b฀e฀t฀w฀e฀e฀n฀฀ ฀t฀1฀฀ ฀a฀n฀d฀฀ ฀t฀2฀฀ ฀(F฀( 5฀, ฀ ฀1฀3 ) ฀ ฀=฀฀ ฀3฀.฀4฀3฀,฀฀p฀฀ ฀=฀ ฀0฀.฀0฀3฀)฀.฀฀฀T฀h฀i฀s฀฀
฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀฀฀w฀a฀s฀฀฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀฀f฀o฀r฀฀฀t฀h฀e฀฀฀T฀E฀A฀฀฀D฀T฀D฀฀฀(p฀฀฀=฀฀ 0 .฀0฀2฀)฀,฀฀฀V฀L฀M฀฀
฀f฀o฀r฀฀฀1฀/฀s฀฀฀(฀V฀L฀M฀1฀/฀s฀,฀฀p฀ ฀=฀฀฀0฀.฀0฀2฀)฀฀฀a฀n฀d฀฀฀V฀L฀M฀฀฀f฀o฀r฀฀฀1฀/฀2฀s฀฀฀(฀V฀L฀M฀1฀/฀2฀s฀,฀฀p฀ ฀=฀ ฀0฀.฀0฀4 )฀,฀฀ ฀b฀u฀t฀฀ ฀n฀o฀t฀฀ ฀f฀o฀r฀฀ ฀t฀h฀e฀฀ ฀T฀E฀A฀฀ ฀s฀i฀n฀g฀l฀e฀฀ ฀t฀a฀s฀k฀฀ ฀(p฀ ฀=฀ 0 .฀0 6 ) ฀ o r฀฀ ฀D฀i฀g฀i฀t฀฀ ฀S฀p฀a฀n฀฀ 
(p฀฀ ฀=฀฀ ฀0฀.฀1฀2฀;฀฀ ฀F฀i฀g฀.฀฀ ฀5฀;฀฀ ฀T฀a฀b฀l฀e฀฀ ฀1฀)฀.฀฀ ฀F฀o฀r฀฀ ฀t฀h฀e฀฀ ฀D฀T฀฀ ฀g฀r฀o฀u฀p฀,฀฀ ฀t฀h฀e฀r฀e฀฀ ฀w฀a฀s฀฀ ฀n฀o฀฀







฀o฀v฀e฀r฀a฀l฀l฀฀ ฀p฀r฀e฀-฀฀ ฀t฀o฀฀ ฀p฀o฀s฀t฀-฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀฀ ฀f฀o฀r฀฀ ฀t฀h฀e฀฀ ฀T฀E฀A฀฀ ฀D฀T฀D฀,฀฀
฀a฀n฀d฀฀ ฀b฀o฀t฀h฀฀฀V฀L฀M฀฀ ฀t฀a฀s฀k฀s฀฀ ฀(F (฀3฀, ฀ ฀3 4฀)฀฀ ฀=฀฀ ฀1฀0฀.฀3฀5฀,฀฀p฀฀ <฀฀ ฀0฀. 0฀0฀1฀)฀.฀฀ ฀P฀o฀s฀t฀฀ ฀h฀o฀c฀฀
฀p฀a฀i฀r฀w฀i฀s฀e฀฀ ฀t฀e฀s฀t฀i฀n฀g฀฀ ฀s฀h฀o฀w฀e฀d฀฀ ฀a฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀ ฀e฀f฀f฀e฀c฀t฀฀ ฀o฀f฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀f฀o฀r฀฀ ฀t฀h฀e฀฀
฀T฀E฀A฀฀฀D฀T฀D฀฀฀(t฀(฀4 2฀)฀฀฀=฀฀฀3฀.฀4฀5฀,฀฀p฀ ฀=฀฀฀0฀.฀0฀0฀1฀,฀฀฀C฀o฀h฀e฀n฀’฀s฀฀d฀ ฀=฀ ฀0฀.฀5฀3฀)฀,฀฀฀V฀L฀M฀1฀/฀s 
(t฀(฀3฀9฀)฀฀฀=฀฀฀3฀.฀1฀4฀,฀฀p฀ ฀=฀฀ 0 .฀0฀0฀3฀,฀฀d฀ ฀=฀ 0฀.฀5฀0฀)฀,฀฀฀a฀n฀d฀฀฀V฀L฀M฀1฀/฀2฀s (t฀(฀3 7฀)฀฀฀=฀฀฀2฀.฀1฀0฀,฀฀p ฀=฀฀฀0฀.฀0฀4฀,฀฀d฀฀ = ฀฀0฀.฀3฀4฀)฀.
Self-Report Questionnaires ฀•฀฀ ฀F฀o฀r฀฀ ฀t฀h฀e฀฀ ฀I฀T฀฀ ฀g฀r฀o฀u฀p฀,฀฀ ฀M฀A฀N฀O฀V฀A฀฀
฀s฀h฀o฀w฀e฀d฀฀ ฀a฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀ ฀o฀v฀e฀r฀a฀l฀l฀฀ ฀w฀i฀t฀h฀i฀n฀-฀g฀r฀o฀u฀p฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀฀ ฀o฀n฀฀
฀G฀H฀A฀B฀P฀฀ ฀a฀n฀d฀฀ ฀S฀S฀Q฀฀ ฀s฀c฀o฀r฀e฀s฀฀ ฀b฀e฀t฀w฀e฀e฀n฀฀ ฀t฀1฀฀ ฀a฀n฀d฀฀ ฀t฀2฀฀ ฀(F฀(฀4฀, ฀ ฀1฀8฀)฀ ฀=฀฀ 3฀.฀2 5฀,฀฀ 
p ฀=฀฀฀0฀.฀0฀3฀)฀.฀฀฀T฀h฀i฀s฀฀฀w฀a฀s฀฀฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀฀f฀o฀r฀฀฀b฀o฀t฀h฀฀฀t฀h฀e฀฀฀D฀i฀s฀a฀b฀i฀l฀i฀t฀y฀฀฀(p฀฀฀=฀฀฀0฀. 0 0 4฀)฀฀
฀a฀n฀d฀฀฀H฀a฀n฀d฀i฀c฀a฀p฀฀฀(p฀฀฀=฀฀ 0฀.฀0฀3฀1฀)฀฀฀s฀c฀a฀l฀e฀s฀,฀฀฀s฀h฀o฀w฀n฀฀฀i฀n฀฀฀F฀i฀g฀u฀r฀e฀฀฀6฀A฀,฀฀฀b฀u฀t฀฀฀n฀o฀t฀฀
฀f฀o฀r฀฀฀t฀h฀e฀฀฀S฀S฀Q฀฀฀S฀p฀e฀e฀c฀h฀฀฀(p฀฀ =฀฀ 0 .฀2 8฀)฀฀฀o฀r฀฀฀S฀p฀a฀t฀i฀a฀l฀฀฀(p ฀฀= ฀ 0฀. 7 2฀)฀฀฀s฀c฀a฀l฀e฀s฀฀฀(฀s฀e฀e฀฀
฀T฀a฀b฀l฀e฀฀฀1฀)฀.฀฀฀F฀o฀r฀฀฀t฀h฀e฀฀฀D฀T฀฀฀g฀r฀o฀u฀p฀,฀฀฀t฀h฀e฀r฀e฀฀฀w฀a฀s฀฀฀n฀o฀฀฀o฀v฀e฀r฀a฀l฀l฀฀฀w฀i฀t฀h฀i฀n฀-฀g฀r฀o฀u฀p฀฀
฀c฀h฀a฀n฀g฀e฀฀฀b฀e฀t฀w฀e฀e฀n฀฀฀t฀0฀฀฀a฀n฀d฀฀฀t฀1฀฀฀(F฀(฀4฀,฀฀ 1 7฀)฀฀ =฀฀฀0฀.฀1฀6฀,฀฀p฀฀ =฀฀ 0 . 9฀6฀)฀,฀฀฀s฀u฀g฀g฀e฀s฀t฀i฀n฀g฀฀
฀n฀o฀฀฀t฀e฀s฀t฀-฀r฀e฀t฀e฀s฀t฀฀฀e฀f฀f฀e฀c฀t฀฀฀f฀o฀r฀฀฀G฀H฀A฀B฀P฀฀฀o฀r฀฀฀S฀S฀Q฀฀฀s฀c฀a฀l฀e฀s฀.
฀T฀h฀e฀฀฀b฀e฀t฀w฀e฀e฀n฀-฀g฀r฀o฀u฀p฀฀฀M฀A฀N฀O฀V฀A฀฀฀a฀c฀r฀o฀s฀s฀฀฀t฀h฀e฀฀฀i฀r฀s฀t฀฀฀t฀w฀o฀฀฀t฀e฀s฀t฀฀฀s฀e฀s-
฀s฀i฀o฀n฀s฀฀ ฀f฀o฀r฀฀ ฀D฀i฀s฀a฀b฀i฀l฀i฀t฀y฀฀ ฀a฀n฀d฀฀ ฀H฀a฀n฀d฀i฀c฀a฀p฀฀ ฀s฀c฀o฀r฀e฀s฀฀ ฀w฀a฀s฀฀ ฀n฀o฀t฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀
(F฀(฀2฀,฀฀฀4฀0฀)฀฀฀=฀฀฀2฀.฀4฀7฀,฀฀p฀฀ =฀฀ 0 . 0฀9฀)฀.฀฀฀F฀o฀r฀฀฀t฀h฀e฀฀฀c฀o฀m฀b฀i฀n฀e฀d฀฀฀g฀r฀o฀u฀p฀฀฀(฀I฀T฀฀฀a฀n฀d฀฀฀D฀T฀;฀฀
฀t฀1฀–฀t฀2฀)฀,฀฀฀t฀h฀e฀r฀e฀฀฀w฀a฀s฀฀฀a฀฀฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀฀p฀r฀e฀-฀฀฀t฀o฀฀฀p฀o฀s฀t฀-฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀฀
(F฀(฀2฀,฀4฀1฀)฀฀ ฀=฀฀ ฀5฀.฀8฀7฀,฀฀p฀฀ = ฀ ฀0 .฀0฀0฀6฀)฀฀ ฀f฀o฀r฀฀ ฀D฀i฀s฀a฀b฀i฀l฀i฀t฀y฀฀ ฀a฀n฀d฀฀ ฀H฀a฀n฀d฀i฀c฀a฀p฀.฀฀ ฀P฀o฀s฀t฀฀
฀h฀o฀c฀฀ ฀t฀e฀s฀t฀i฀n฀g฀฀ ฀s฀h฀o฀w฀e฀d฀฀ ฀a฀฀ ฀h฀i฀g฀h฀l฀y฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀ ฀e฀f฀f฀e฀c฀t฀฀ ฀o฀f฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀f฀o฀r฀฀
฀D฀i฀s฀a฀b฀i฀l฀i฀t฀y฀฀฀(฀t฀(฀4฀2฀)฀฀฀=฀฀฀3฀.฀4฀5฀,฀฀p฀฀ =฀฀ 0฀. 0฀0฀1฀;฀฀d฀ ฀=฀ 0฀.฀5฀1฀)฀฀฀b฀u฀t฀฀฀n฀o฀t฀฀฀f฀o฀r฀฀฀H฀a฀n฀d฀i-
฀c฀a฀p฀฀฀(t฀(฀4฀3฀)฀฀฀=฀฀฀1฀.฀5฀3฀,฀฀p฀ ฀=฀฀ 0 .฀1฀3฀;฀฀d ฀฀= ฀0฀.฀2฀3฀)฀.
฀B฀e฀c฀a฀u฀s฀e฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀ ฀b฀e฀n฀e฀i฀t฀฀ ฀f฀r฀o฀m฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀w฀a฀s฀฀ ฀s฀h฀o฀w฀n฀฀ ฀f฀o฀r฀฀ ฀t฀h฀e฀฀
฀o฀v฀e฀r฀a฀l฀l฀฀฀D฀i฀s฀a฀b฀i฀l฀i฀t฀y฀฀฀s฀c฀o฀r฀e฀,฀฀฀t฀h฀e฀฀฀s฀a฀m฀e฀฀฀a฀n฀a฀l฀y฀s฀i฀s฀฀฀w฀a฀s฀฀฀p฀e฀r฀f฀o฀r฀m฀e฀d฀฀฀f฀o฀r฀฀฀t฀h฀e฀฀
฀f฀o฀u฀r฀฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀฀ ฀G฀H฀A฀B฀P฀฀ ฀D฀i฀s฀a฀b฀i฀l฀i฀t฀y฀฀ ฀s฀i฀t฀u฀a฀t฀i฀o฀n฀s฀฀ ฀t฀o฀฀ ฀a฀s฀s฀e฀s฀s฀฀ ฀w฀h฀e฀t฀h฀e฀r฀฀
฀i฀m฀ ฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀฀w฀e฀r฀e฀฀฀d฀e฀p฀e฀n฀d฀e฀n฀t฀฀฀o฀n฀฀฀s฀i฀t฀u฀a฀t฀i฀o฀n฀.฀฀฀F฀o฀r฀฀฀t฀h฀e฀฀฀I฀T฀฀฀g฀r฀o฀u฀p฀,฀฀฀t฀h฀e฀r฀e฀฀
฀w฀a฀s฀฀ ฀a฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀ ฀o฀v฀e฀r฀a฀l฀l฀฀ ฀w฀i฀t฀h฀i฀n฀-฀g฀r฀o฀u฀p฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀฀ ฀b฀e฀t฀w฀e฀e฀n฀฀ ฀t฀1฀฀
฀a฀n฀d฀฀฀t฀2฀฀฀(F฀( 4฀,฀฀฀1฀5฀)฀฀฀=฀฀฀4฀.฀0฀,฀฀p ฀=฀฀฀0฀. 0฀2฀)฀,฀฀฀w฀h฀i฀c฀h฀฀฀w฀a฀s฀฀฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀฀o฀n฀l฀y฀฀฀f฀o฀r฀฀฀t฀h฀e฀฀
฀“฀h฀a฀v i n฀g฀ a฀ ฀g฀r฀o฀u p ฀฀c฀o฀n฀v฀e฀r฀s฀a฀t฀i฀o฀n฀”฀฀฀s฀i฀t฀u฀a฀t฀i฀o฀n฀฀฀(฀F฀i฀g฀.฀฀฀6฀B฀;฀฀p฀ ฀=฀฀฀0 . 0 1 6฀)฀.฀฀฀F฀o r฀฀
t h฀e ฀฀D฀T฀฀฀g฀r฀o฀u฀p฀฀฀t฀h฀e฀r฀e฀฀฀w฀a฀s฀฀฀n฀o฀฀฀฀w฀i฀t฀h฀i฀n฀-฀g฀r฀o฀u฀p฀฀฀c฀h฀a฀n฀g฀e฀฀฀b฀e฀t฀w฀e฀e฀n฀฀฀t฀0฀฀฀a฀n฀d฀฀฀t฀1฀฀
(F฀(฀4 ,฀฀ 1 4 )฀ ฀=฀฀฀1฀.฀3฀4฀,฀฀p ฀ =฀฀฀0฀.฀3฀0฀)฀,฀฀฀s฀u฀g฀g฀e฀s฀t฀i฀n฀g฀฀฀n฀o฀฀฀t฀e฀s฀t฀-฀r฀e฀t฀e฀s฀t฀฀฀e฀f฀f฀e฀c฀t฀.
Fig. 4. Speech intelligibility did not change significantly with training or 
with repeated testing. Mean change (Δ) in SNR for (A) ASL sentence-in-
noise test (B) Digit Triplets test. Data here and in Figs. 5 and 6 all show Δ 
± 95% confidence interval comparing performance of Immediate Training 
group (t1-t2) and Delayed Training group (t0-t1) (see Fig. 1).
Fig. 5. Training improved complex but not simple attention and working memory. (A) Test of Everyday Attention (TEA) dual task decrement (DTD), (B) TEA single 
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฀T฀h฀e฀฀฀b฀e฀t฀w฀e฀e฀n฀-฀g฀r฀o฀u฀p฀฀฀A฀N฀O฀V฀A฀฀฀a฀c฀r฀o฀s฀s฀฀฀t฀h฀e฀฀฀i฀r฀s฀t฀฀฀t฀w฀o฀฀฀t฀e฀s฀t฀฀฀s฀e฀s฀s฀i฀o฀n฀s฀฀
฀f฀o฀r฀฀฀t฀h฀e฀฀฀“฀g฀r฀o฀u฀p฀฀฀c฀o฀n฀v฀e฀r฀s฀a฀t฀i฀o฀n฀”฀฀฀s฀i฀t฀u฀a฀t฀i฀o฀n฀฀฀w฀a฀s฀฀฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀฀(F฀(฀1฀,฀฀฀4฀2 ) ฀฀=฀฀ 
฀4฀.฀9฀4฀,฀฀p฀฀ =฀฀ ฀0฀.฀0฀3฀)฀,฀฀ ฀i฀n฀d฀i฀c฀a฀t฀i฀n฀g฀฀ ฀a฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀฀ ฀f฀o฀r฀฀ ฀t฀h฀e฀฀
฀I฀T฀฀ ฀g฀r฀o฀u฀p฀฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀฀ ฀w฀i฀t฀h฀฀ ฀t฀h฀e฀฀ ฀D฀T฀฀ ฀g฀r฀o฀u฀p฀.฀฀ ฀F฀o฀r฀฀ ฀t฀h฀e฀฀ ฀c฀o฀m฀b฀i฀n฀e฀d฀฀
฀g฀r฀o฀u฀p฀,฀฀ ฀t฀h฀e฀r฀e฀฀ ฀w฀a฀s฀฀ ฀a฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀ ฀p฀r฀e฀-฀฀ ฀t฀o฀฀ ฀p฀o฀s฀t฀-฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀(฀t฀1฀–฀t฀2฀)฀฀





฀t฀h฀e฀r฀e฀฀ ฀i฀s฀฀ ฀s฀o฀m฀e฀฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀฀ ฀o฀f฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀.฀฀฀W฀e฀฀ ฀h฀a฀v฀e฀฀ ฀d฀e฀i฀n฀e฀d฀฀ ฀t฀h฀i฀s฀฀
฀a฀s฀฀฀a฀n฀y฀฀฀i฀n฀c฀r฀e฀a฀s฀e฀฀฀i฀n฀฀฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀฀฀f฀r฀o฀m฀฀฀p฀r฀e฀-฀฀฀t฀o฀฀฀p฀o฀s฀t฀-฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀(฀t฀1฀–
฀t฀2฀)฀.฀฀ ฀O฀f฀฀ ฀t฀h฀e฀฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀฀ ฀t฀h฀a฀t฀฀ ฀s฀h฀o฀w฀e฀d฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀-฀r฀e฀l฀a฀t฀e฀d฀฀








฀W฀e฀฀ ฀p฀r฀e฀d฀i฀c฀t฀e฀d฀฀ ฀t฀h฀a฀t฀฀ ฀s฀e฀l฀f฀-฀r฀e฀p฀o฀r฀t฀฀ ฀w฀o฀u฀l฀d฀฀ ฀b฀e฀฀ ฀r฀e฀l฀a฀t฀e฀d฀฀ ฀t฀o฀฀ ฀p฀e฀r฀f฀o฀r-
฀m฀a฀n฀c฀e฀฀ ฀a฀n฀d฀฀ ฀t฀h฀i฀s฀฀ ฀w฀a฀s฀฀ ฀s฀h฀o฀w฀n฀฀ ฀i฀n฀฀ ฀t฀h฀e฀฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀฀ ฀b฀e฀t฀w฀e฀e฀n฀฀ ฀t฀h฀e฀฀
฀o฀v฀e฀r฀a฀l฀l฀฀฀G฀H฀A฀B฀P฀฀฀D฀i฀s฀a฀b฀i฀l฀i฀t฀y฀฀฀s฀c฀o฀r฀e฀฀฀w฀i฀t฀h฀฀฀t฀h฀e฀฀฀T฀E฀A฀฀฀D฀T฀D฀.฀฀฀T฀h฀e฀฀฀9฀฀฀p฀a฀r-
฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀฀i฀n฀฀฀t฀h฀e฀฀฀I฀T฀฀฀g฀r฀o฀u฀p฀฀฀w฀h฀o฀฀฀s฀h฀o฀w฀e฀d฀฀฀a฀n฀฀฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀฀฀i฀n฀฀฀b฀o฀t฀h฀฀
฀m฀e฀a฀s฀u฀r฀e฀s฀฀฀(฀F฀i฀g฀.฀฀฀8฀)฀฀฀s฀u฀p฀p฀o฀r฀t฀e฀d฀฀฀t฀h฀i฀s฀฀฀p฀r฀e฀d฀i฀c฀t฀i฀o฀n฀฀฀(r ฀=฀ ฀0฀. 7฀9 ,฀p ฀< ฀฀0฀.฀0฀1 )฀.฀฀
฀I฀t฀฀฀i฀s฀฀฀n฀o฀t฀e฀w฀o฀r฀t฀h฀y฀฀฀t฀h฀a฀t฀฀฀t฀h฀e฀s฀e฀฀฀9฀฀฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀฀r฀e฀p฀o฀r฀t฀e฀d฀฀฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀l฀y฀฀
฀g฀r฀e฀a฀t฀e฀r฀฀ ฀D฀i฀s฀a฀b฀i฀l฀i฀t฀y฀฀ ฀a฀t฀฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀฀ ฀(฀t฀1฀)฀฀ ฀t฀h฀a฀n฀฀ ฀t฀h฀e฀฀ ฀r฀e฀m฀a฀i฀n฀i฀n฀g฀฀ ฀p฀a฀r฀t฀i฀c฀i-
฀p฀a฀n฀t฀s฀฀ ฀i฀n฀฀ ฀t฀h฀i฀s฀฀ ฀g฀r฀o฀u฀p฀฀ ฀o฀n฀฀ ฀o฀v฀e฀r฀a฀l฀l฀฀ ฀G฀H฀A฀B฀P฀฀ ฀(฀4฀2฀.฀3฀%฀฀ ฀v฀e฀r฀s฀u฀s฀฀ ฀2฀9฀.฀0฀%฀,฀฀ 
















฀R฀ ฀b฀u฀s฀t฀฀ ฀o฀ ฀-฀t฀a฀s฀k฀฀ ฀l฀e฀a฀r฀n฀i฀n฀g฀฀ ฀w฀a฀s฀฀ ฀f฀o฀u฀n฀d฀฀ ฀o฀n฀฀ ฀t฀h฀e฀฀ ฀t฀r฀a฀i฀n฀e฀d฀฀ ฀t฀a฀s฀k฀,฀฀
฀c฀o฀n฀s฀i฀s฀t฀e฀n฀t฀฀฀w฀i฀t฀h฀฀฀m฀a฀n฀y฀฀฀o฀t฀h฀e฀r฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀s฀t฀u฀d฀i฀e฀s฀฀฀(฀e฀.฀g฀.฀,฀฀฀H฀u฀m฀e฀s฀฀฀e฀t฀฀฀a฀l฀.฀฀
฀2฀0฀0฀9฀;฀฀ ฀M฀o฀o฀r฀e฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀0฀9฀;฀฀ ฀W฀r฀i฀g฀h฀t฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀1฀0฀)฀.฀฀ ฀I฀n฀฀ ฀t฀h฀e฀฀ ฀p฀r฀e฀s฀e฀n฀t฀฀
s฀t฀u d฀y฀,฀฀ l฀e฀a r฀n฀i n g ฀฀w฀a฀s฀฀฀a฀p฀p฀a฀r฀e฀n฀t฀฀฀f฀o฀r฀฀฀a฀l฀l฀฀฀1฀1฀฀฀p฀h฀o฀n฀e฀m฀i฀c฀฀฀c฀o฀n฀t฀r฀a฀s฀t฀s฀,฀฀฀a฀n฀d฀฀
t h฀e฀ ฀g฀r฀e฀a฀t e s ฀i฀m฀p฀r o฀v฀e฀m฀e฀n฀t฀฀฀w฀a฀s฀฀฀s฀e฀e฀n฀฀฀f฀o฀r฀฀฀t฀h฀o฀s฀e฀฀฀c฀o฀n฀t฀r฀a฀s฀t฀s฀฀฀t฀h฀a฀t฀฀฀h฀a฀d฀฀
t฀h e฀฀฀p o฀o r฀e s t฀ ฀p฀e r฀f฀o r฀m฀a฀n฀c฀e฀฀฀b฀e฀f฀o฀r฀e฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀a฀t฀฀฀b฀o฀t฀h฀฀฀t฀h฀e฀฀฀g฀r฀o฀u฀p฀฀฀m฀e฀a฀n฀฀
฀a฀ ฀d ฀฀i฀n฀d฀i฀v฀i฀d u a l ฀ l฀e v฀e฀l฀s฀.฀฀฀O฀t฀h฀e฀r฀฀฀s฀t฀u฀d฀i฀e฀s฀฀฀h฀a฀v฀e฀฀฀s฀h฀o฀w฀n฀฀฀s฀i฀m฀i฀l฀a฀r฀฀฀r฀e฀s฀u฀l฀t฀s฀฀
w h e฀r฀e฀b฀y฀฀฀t฀r i฀n i฀n฀g฀฀฀i m฀p r฀o฀v฀e฀d฀฀ ฀t฀h฀e฀฀ ฀a฀b฀i฀l฀i฀t฀y฀฀ ฀t฀o฀฀ ฀d฀i฀s฀c฀r฀i฀m฀i฀n฀a฀t฀e฀฀ ฀d฀i฀f฀i฀c฀u฀l฀t฀฀
Fig. 6. Self-report of hearing disability and handicap improved with train-
ing. (A) Overall Glasgow Hearing Aid Benefit Profile (GHABP) scores, 
(B) GHABP "having a conversation with several people in a group." For 
other details, see Fig. 4.
Fig. 7. Benefits of training were retained in those that showed improvements (indicated by fractions of overall participants) for both the Immediate Training and 
Delayed training groups for (A) Phoneme probe discrimination, (B) GHABP activity, (C) TEA dual task decrement, (D) Visual Letter Monitoring (VLM) 1/s, and 
(E) VLM 1/2s. Mean change (Δ)  ± 95 % confidence interval. t1 = pre-training, t2 = post-training, t3 = 4 weeks post-training.
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฀c฀o฀n฀s฀o฀n฀a฀n฀t฀s฀฀฀(฀S฀t฀e฀c฀k฀e฀r฀฀฀e฀t฀฀฀a฀l฀.฀฀฀2฀0฀0฀6฀)฀,฀฀฀a฀n฀d฀฀฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀฀i฀n฀฀฀t฀h฀e฀฀฀p฀e฀r-




฀T฀h฀e฀฀ ฀n฀e฀x฀t฀฀ ฀a฀n฀d฀฀ ฀c฀r฀i฀t฀i฀c฀a฀l฀฀ ฀q฀u฀e฀s฀t฀i฀o฀n฀฀ ฀f฀o฀r฀฀ ฀t฀h฀i฀s฀฀ ฀s฀t฀u฀d฀y฀฀ ฀w฀a฀s฀฀ ฀w฀h฀e฀t฀h฀e฀r฀฀
฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀t฀r฀a฀n฀s฀f฀e฀r฀r฀e฀d฀฀฀t฀o฀฀฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀฀i฀n฀฀฀u฀n฀t฀r฀a฀i฀n฀e฀d฀฀฀m฀e฀a฀s฀u฀r฀e฀s฀฀฀o฀f฀฀
฀b฀e฀n฀e฀i฀t฀฀ ฀f฀o฀r฀฀ ฀t฀h฀o฀s฀e฀฀ ฀w฀i฀t฀h฀฀ ฀m฀i฀l฀d฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀l฀o฀s฀s฀.฀฀฀A฀s฀฀ ฀w฀i฀t฀h฀฀ ฀m฀a฀n฀y฀฀ ฀a฀u฀d฀i-
฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀s฀t฀u฀d฀i฀e฀s฀฀฀s฀p฀e฀e฀c฀h฀฀฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀฀฀w฀a฀s฀฀฀i฀n฀c฀l฀u฀d฀e฀d฀฀฀a฀s฀฀฀a฀฀฀g฀e฀n-
฀e฀r฀a฀l฀i฀z฀a฀b฀l฀e฀฀ ฀o฀u฀t฀c฀o฀m฀e฀฀ ฀b฀u฀t฀฀ ฀s฀h฀o฀w฀e฀d฀฀ ฀n฀o฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀฀
฀a฀s฀฀ ฀a฀฀ ฀r฀e฀s฀u฀l฀t฀฀ ฀o฀f฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀.฀฀ ฀I฀t฀฀ ฀m฀a฀y฀฀ ฀b฀e฀฀ ฀t฀h฀a฀t฀฀ ฀t฀h฀e฀฀ ฀h฀i฀g฀h฀฀ ฀r฀e฀d฀u฀n฀d฀a฀n฀c฀y฀฀ ฀o฀f฀฀
฀s฀e฀n฀t฀e฀n฀c฀e฀฀฀a฀n฀d฀฀฀s฀o฀m฀e฀฀฀w฀o฀r฀d฀฀฀s฀t฀i฀m฀u฀l฀i฀฀฀r฀e฀d฀u฀c฀e฀d฀฀฀s฀e฀n฀s฀i฀t฀i฀v฀i฀t฀y฀฀฀t฀o฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀.฀฀
฀T฀h฀e฀฀฀D฀i฀g฀i฀t฀฀฀T฀r฀i฀p฀l฀e฀t฀฀฀t฀e฀s฀t฀,฀฀฀f฀o฀r฀฀฀e฀x฀a฀m฀p฀l฀e฀,฀฀฀h฀a฀s฀฀฀o฀n฀l฀y฀฀฀n฀i฀n฀e฀฀฀d฀i฀s฀t฀i฀n฀c฀t฀฀฀s฀p฀e฀e฀c฀h฀฀
฀s฀t฀i฀m฀u฀l฀i฀,฀฀ ฀t฀h฀e฀r฀e฀f฀o฀r฀e฀฀ ฀l฀i฀m฀i฀t฀i฀n฀g฀฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀฀ ฀p฀o฀s฀s฀i฀b฀i฀l฀i฀t฀i฀e฀s฀.฀฀ ฀M฀o฀r฀e฀฀ ฀g฀e฀n฀e฀r-
฀a฀l฀l฀y฀,฀฀฀t฀h฀e฀฀฀e฀v฀i฀d฀e฀n฀c฀e฀฀฀f฀o฀r฀฀฀t฀r฀a฀n฀s฀f฀e฀r฀฀฀o฀f฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀t฀o฀฀฀u฀n฀t฀r฀a฀i฀n฀e฀d฀฀฀m฀e฀a฀s฀u฀r฀e฀s฀฀
฀o฀f฀฀ ฀s฀p฀e฀e฀c฀h฀฀ ฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀฀ ฀i฀s฀฀ ฀m฀i฀x฀e฀d฀฀ ฀(฀H฀e฀n฀s฀h฀a฀w฀฀ ฀&฀฀ ฀F฀e฀r฀g฀u฀s฀o฀n฀฀ ฀2฀0฀1฀3฀a฀)฀,฀฀





฀n฀i฀t฀i฀o฀n฀,฀฀ ฀w฀h฀i฀c฀h฀฀ ฀a฀l฀o฀n฀g฀฀ ฀w฀i฀t฀h฀฀ ฀s฀p฀e฀e฀c฀h฀฀ ฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀฀ ฀h฀a฀s฀฀ ฀c฀o฀n฀s฀e฀q฀u฀e฀n฀c฀e฀s฀฀
฀f฀o฀r฀฀฀d฀i฀s฀a฀b฀i฀l฀i฀t฀y฀฀฀a฀n฀d฀฀฀h฀a฀n฀d฀i฀c฀a฀p฀฀฀a฀r฀i฀s฀i฀n฀g฀฀฀f฀r฀o฀m฀฀฀h฀e฀a฀r฀i฀n฀g฀฀฀l฀o฀s฀s฀.฀฀฀T฀h฀e฀r฀e฀฀฀w฀a฀s฀฀






฀m฀e฀n฀t฀s฀฀ ฀w฀e฀r฀e฀฀ ฀r฀e฀t฀a฀i฀n฀e฀d฀฀ ฀a฀t฀฀ ฀1฀฀ ฀m฀o฀n฀t฀h฀฀ ฀p฀o฀s฀t฀-฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀a฀t฀฀ ฀s฀i฀m฀i฀l฀a฀r฀฀ ฀l฀e฀v฀e฀l฀s฀฀
฀t฀o฀฀ ฀t฀h฀o฀s฀e฀฀ ฀i฀m฀m฀e฀d฀i฀a฀t฀e฀l฀y฀฀ ฀p฀o฀s฀t฀-฀t฀r฀a฀i฀n฀i฀n฀g฀,฀฀ ฀s฀u฀g฀g฀e฀s฀t฀i฀n฀g฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀
฀w฀e฀r฀e฀฀฀r฀o฀b฀u฀s฀t฀฀฀i฀n฀฀฀t฀h฀e฀฀฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀฀(฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀l฀y฀฀฀t฀w฀o฀-฀t฀h฀i฀r฀d฀s฀)฀฀฀w฀h฀o฀฀
฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀d฀฀ ฀t฀h฀e฀m฀.฀฀ ฀T฀h฀e฀s฀e฀฀ ฀r฀e฀s฀u฀l฀t฀s฀฀ ฀s฀u฀g฀g฀e฀s฀t฀฀ ฀t฀h฀a฀t฀฀ ฀c฀o฀g฀n฀i฀t฀i฀v฀e฀฀ ฀o฀u฀t-
฀c฀o฀m฀e฀฀฀m฀e฀a฀s฀u฀r฀e฀s฀฀฀n฀e฀e฀d฀฀฀t฀o฀฀฀b฀e฀฀฀a฀p฀p฀r฀o฀p฀r฀i฀a฀t฀e฀l฀y฀฀฀c฀o฀m฀p฀l฀e฀x฀฀฀a฀n฀d฀฀฀t฀h฀e฀r฀e฀f฀o฀r฀e฀฀
฀c฀h฀a฀l฀l฀e฀n฀g฀i฀n฀g฀฀฀t฀o฀฀฀b฀e฀฀฀s฀e฀n฀s฀i฀t฀i฀v฀e฀฀฀t฀o฀฀฀e฀f฀f฀e฀c฀t฀s฀฀฀o฀f฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀.














฀a฀t฀t฀e฀n฀t฀i฀o฀n฀฀ ฀[฀a฀t฀t฀e฀n฀t฀i฀o฀n฀฀ ฀s฀w฀i฀t฀c฀h฀i฀n฀g฀]฀฀ ฀a฀n฀d฀฀฀V฀L฀M฀฀฀[฀m฀e฀m฀o฀r฀y฀฀ ฀u฀p฀d฀a฀t฀i฀n฀g฀]฀)฀.฀฀
฀I฀n฀฀฀c฀o฀n฀t฀r฀a฀s฀t฀,฀฀฀t฀a฀s฀k฀s฀฀฀t฀h฀a฀t฀฀฀d฀o฀฀฀n฀o฀t฀฀฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀฀฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀฀฀p฀o฀s฀t฀-฀t฀r฀a฀i฀n-





฀t฀e฀s฀t฀฀ ฀(฀O฀w฀e฀n฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀1฀0฀)฀.฀฀฀A฀฀ ฀f฀u฀r฀t฀h฀e฀r฀฀ ฀s฀t฀u฀d฀y฀฀ ฀t฀o฀฀ ฀t฀e฀s฀t฀฀ ฀t฀h฀e฀฀ ฀h฀y฀p฀o฀t฀h฀e฀s฀i฀s฀฀
฀t฀h฀a฀t฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀s฀p฀e฀c฀i฀i฀c฀a฀l฀l฀y฀฀ ฀i฀m฀p฀r฀o฀v฀e฀s฀฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀฀ ฀o฀n฀฀
฀c฀o฀m฀p฀l฀e฀x฀฀฀c฀o฀g฀n฀i฀t฀i฀v฀e฀฀฀t฀a฀s฀k฀s฀฀฀i฀n฀฀฀t฀h฀i฀s฀฀฀p฀o฀p฀u฀l฀a฀t฀i฀o฀n฀฀฀w฀o฀u฀l฀d฀฀฀a฀l฀l฀o฀w฀฀฀a฀฀฀m฀o฀r฀e฀฀
฀d฀e฀i฀n฀i฀t฀i฀v฀e฀฀฀c฀o฀n฀c฀l฀u฀s฀i฀o฀n฀.
฀O฀f฀฀ ฀t฀h฀e฀฀ ฀s฀e฀l฀f฀-฀r฀e฀p฀o฀r฀t฀฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀,฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀-฀r฀e฀l฀a฀t฀e฀d฀฀ ฀i฀m฀p฀r฀o฀v฀e-
฀m฀e฀n฀t s ฀ w฀e฀r e฀฀ ฀o฀n฀l฀y฀฀ ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀d฀฀ ฀f฀o฀r฀฀ ฀o฀v฀e฀r฀a฀l฀l฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀d฀i฀s฀a฀b฀i฀l฀i฀t฀y฀฀
฀( G฀H฀A฀B฀P฀)฀,฀฀ ฀w i฀t฀h ฀a ฀฀m฀o฀d฀e฀r฀a฀t฀e฀฀ ฀e฀f฀f฀e฀c฀t฀฀ ฀s฀i฀z฀e฀.฀฀ ฀O฀f฀฀ ฀t฀h฀e฀฀ ฀f฀o฀u฀r฀฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀฀
฀s฀i฀t u a t i฀o฀n฀s฀ ฀t h฀a t ฀฀c฀o฀n฀t฀r฀i฀b฀u฀t฀e฀d฀฀฀t฀o฀฀฀t฀h฀e฀฀฀G฀H฀A฀B฀P฀฀฀o฀v฀e฀r฀a฀l฀l฀฀฀s฀c฀o฀r฀e฀,฀฀฀t฀h฀e฀฀฀o฀n฀l฀y฀฀
฀s฀i฀g฀n฀i฀i฀c฀a฀n ฀ ฀p r e฀-฀฀ t o ฀ p o฀s฀t฀-฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀,฀฀ ฀a฀n฀d฀฀ ฀t฀h฀e฀฀ ฀l฀a฀r฀g฀e฀s฀t฀฀
฀ ฀t 1 2 .฀5 %฀,฀ ฀w฀a฀s฀฀฀“฀h฀a฀v฀i฀n฀g฀฀฀a฀฀฀c฀o฀n฀v฀e฀r฀s฀a฀t฀i฀o฀n฀฀฀w฀i฀t฀h฀฀฀s฀e฀v฀e฀r฀a฀l฀฀฀p฀e฀o฀p฀l฀e฀฀฀i฀n฀฀฀a฀฀
฀g฀r฀o฀u฀p฀,฀” ฀฀t฀h฀e฀฀฀m฀o s฀t฀฀฀c฀o฀m฀p฀l฀e฀x฀฀฀o฀f฀฀฀t฀h฀e฀฀฀f฀o฀u฀r฀฀฀l฀i฀s฀t฀e฀n฀i฀n฀g฀฀฀s฀i฀t฀u฀a฀t฀i฀o฀n฀s฀.฀฀฀T฀h฀e฀฀
o฀t฀h฀e฀r฀฀ t฀h r฀e฀e฀฀ i฀t฀u฀a฀t฀i฀o฀n฀s฀฀฀i฀m฀p฀r฀o฀v฀e฀d฀฀฀s฀l฀i฀g฀h฀t฀l฀y฀,฀฀฀b฀e฀t฀w฀e฀e฀n฀฀฀2฀฀฀a฀n฀d฀฀฀6฀%฀,฀฀฀b฀u฀t฀฀
฀n฀o฀n฀e฀ ฀w e r฀e฀฀฀s i฀g n i฀i฀c฀a฀n฀t฀.฀฀฀O฀n฀e฀฀฀i฀n฀f฀e฀r฀e฀n฀c฀e฀฀฀f฀r฀o฀m฀฀฀t฀h฀e฀s฀e฀฀฀r฀e฀s฀u฀l฀t฀s฀฀฀i฀s฀฀฀t฀h฀a฀t฀฀
฀e f฀f฀e฀c฀t฀s฀฀฀o f฀ ฀t฀r฀a i฀n i฀n฀g฀฀฀a฀r฀e฀฀฀o฀n฀l฀y฀฀฀r฀e฀v฀e฀a฀l฀e฀d฀฀฀a฀n฀d฀฀฀b฀e฀n฀e฀i฀c฀i฀a฀l฀฀฀i฀n฀฀฀l฀i฀s฀t฀e฀n฀i฀n฀g฀฀
฀s฀i t฀u a t i฀o฀n฀s฀฀ ฀t฀h a฀t฀฀ a r e฀฀ ฀c฀o฀m฀p฀l฀e฀x฀,฀฀ ฀a฀n฀d฀฀ ฀t฀h฀e฀r฀e฀f฀o฀r฀e฀฀ ฀c฀h฀a฀l฀l฀e฀n฀g฀i฀n฀g฀.฀฀฀T฀h฀i฀s฀฀ ฀i฀s฀฀
฀c฀o฀n฀s฀i฀s฀t n t฀฀฀w฀i฀t฀h฀฀ t฀h฀e฀฀฀c฀o฀g฀n฀i฀t฀i฀v฀e฀฀฀r฀e฀s฀u฀l฀t฀s฀.
฀E f f฀e c฀t s฀฀฀o f฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀a฀r฀e฀฀฀o฀f฀t฀e฀n฀฀฀m฀o฀d฀e฀s฀t฀.฀฀฀I฀n฀฀฀t฀h฀i฀s฀฀฀s฀t฀u฀d฀y฀,฀฀
p r฀e฀-฀฀ t฀o฀฀ p฀o฀s t฀-฀t฀r a฀i฀n฀i฀n฀g฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀ ฀w฀e฀r฀e฀฀ ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀d฀฀ ฀w฀i฀t฀h฀i฀n฀฀
฀g r o฀u฀p , ฀b฀u฀t฀ ฀t h฀e฀ ฀I฀T฀฀ ฀g฀r฀o฀u฀p฀฀ ฀d฀i฀d฀฀ ฀n฀o฀t฀฀ ฀s฀h฀o฀w฀฀ ฀s฀i฀g฀n฀i฀i฀c฀a฀n฀t฀l฀y฀฀ ฀m฀o฀r฀e฀฀
฀i฀m p r฀o฀v฀e฀m n t s฀฀ ฀t h฀a฀n฀฀ ฀t h฀e฀฀ ฀w฀a฀i฀t฀฀ ฀l฀i฀s฀t฀฀ ฀D฀T฀฀ ฀g฀r฀o฀u฀p฀฀ ฀i฀n฀฀ ฀t฀h฀e฀฀ ฀c฀o฀n฀t฀r฀o฀l฀฀ ฀c฀o฀n-
d i฀t฀i฀o฀n฀.฀฀ ฀I d e a l฀l฀y฀, ฀ ฀a ฀ m฀e฀t฀a฀-฀a฀n฀a฀l฀y฀s฀i฀s฀฀ ฀o฀f฀฀ ฀h฀i฀g฀h฀-฀q฀u฀a฀l฀i฀t฀y฀฀ ฀p฀u฀b฀l฀i฀s฀h฀e฀d฀฀ ฀a฀r฀t฀i-
฀c฀l ฀ w฀o฀u฀l฀d฀ ฀b e฀฀ ฀t h฀ ฀฀ ฀b฀e฀s฀t฀฀ ฀m฀e฀t฀h฀o฀d฀฀ ฀t฀o฀฀ ฀a฀d฀d฀r฀e฀s฀s฀฀ ฀t฀h฀e฀฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀n฀e฀s฀s฀฀ ฀o฀f฀฀
฀i n d฀i v i฀d u a฀l฀ c o m p฀u฀t฀e฀r฀-฀b฀a฀s฀e฀d฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀a฀s฀฀ ฀i฀n฀t฀e฀r฀v฀e฀n฀t฀i฀o฀n฀฀
฀f฀o฀r฀฀ t฀h o฀s฀e฀ ฀w h o฀฀฀h฀a฀v฀e฀ a฀฀฀h฀e฀a฀r฀i฀n฀g฀฀฀i฀m฀p฀a฀i฀r฀m฀e฀n฀t฀.฀฀฀H฀o฀w฀e฀v฀e฀r฀,฀฀฀h฀i฀g฀h฀฀฀v฀a฀r฀i-
a b i l฀i฀t y฀฀ ฀i฀n฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀s฀t฀i฀m฀u฀l฀i฀฀ ฀(฀t฀o฀n฀e฀s฀,฀฀ ฀s฀y฀l฀l฀a฀b฀l฀e฀s฀,฀฀ ฀w฀o฀r฀d฀s฀,฀฀ ฀p฀h฀r฀a฀s฀e฀s฀,฀฀
s฀e n t e฀n฀c฀e฀s฀)฀,฀฀ ฀t฀r฀a i฀n฀i฀n฀g฀฀ ฀m฀e฀t฀h฀o฀d฀s฀฀ ฀(฀a฀d฀a฀p฀t฀i฀v฀e฀,฀฀ ฀i฀x฀e฀d฀฀ ฀l฀e฀v฀e฀l฀,฀฀ ฀u฀s฀e฀r฀-฀฀ ฀o฀r฀฀
฀฀e฀x฀p e r i฀m฀e n฀t e r฀-฀c฀o฀n฀t฀r฀o฀l฀l฀e฀d฀,฀฀ ฀h฀o฀m฀e฀-฀฀ ฀o฀r฀฀ ฀l฀a฀b฀-฀b฀a฀s฀e฀d฀)฀,฀฀ ฀o฀u฀t฀c฀o฀m฀e฀฀ ฀m฀e฀a-
฀s u฀r฀e฀s฀฀ ฀(฀d฀i฀f฀f฀e฀r฀e฀n฀t฀฀ m e a s฀u฀r฀e฀s฀฀ ฀o฀f฀฀ ฀s฀p฀e฀e฀c฀h฀฀ ฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀,฀฀ ฀s฀e฀l฀f฀-฀r฀e฀p฀o฀r฀t฀)฀,฀฀
฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n t฀ ฀s a฀m฀p l e s฀฀ ฀(฀h฀e฀a฀r฀i฀n฀g฀฀ ฀a฀i฀d฀฀ ฀a฀n฀d฀฀ ฀c฀o฀c฀h฀l฀e฀a฀r฀฀ ฀i฀m฀p฀l฀a฀n฀t฀s฀฀ ฀u฀s฀e฀r฀s฀,฀฀
฀r฀a n฀g฀e฀฀฀o฀f฀฀ h฀e a฀r฀i฀n฀g฀฀ l o฀s฀s฀e฀s฀)฀,฀฀฀a฀n฀d฀฀฀s฀t฀u฀d฀y฀฀฀q฀u฀a฀l฀i฀t฀y฀฀฀i฀s฀฀฀n฀o฀t฀฀฀c฀u฀r฀r฀e฀n฀t฀l฀y฀฀฀c฀o฀n-
d u c฀i v e ฀ t฀o ฀฀s฀u฀c฀h฀฀ a ฀a฀p฀p฀r฀o฀a฀c฀h฀.
S o฀m฀e฀฀ ฀f a฀c฀t฀o฀r s฀฀ ฀t฀h฀a฀t ฀ m฀i฀g฀h฀t฀฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀e฀฀ ฀t฀o฀฀ ฀t฀h฀e฀฀ ฀m฀o฀d฀e฀s฀t฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀
e f฀f฀e฀c t s฀฀ ฀i n฀c฀l฀u฀d฀e฀฀ ฀t฀h฀e฀ ฀u฀n฀p฀r฀e฀d฀i฀c฀t฀a฀b฀i฀l฀i฀t฀y฀฀ ฀o฀f฀฀ ฀t฀a฀s฀k฀-฀r฀e฀l฀a฀t฀e฀d฀฀ ฀a฀n฀d฀฀ ฀p฀r฀o฀c฀e-
฀d฀u฀r฀a฀l฀฀฀e฀f฀f฀e฀c t฀s฀,฀ ฀t฀h฀e฀฀฀o฀p฀t฀i฀m฀a฀l฀฀฀a฀m฀o฀u฀n฀t฀฀฀o฀f฀฀฀t฀i฀m฀e฀฀฀t฀o฀฀฀s฀p฀e฀n฀d฀฀฀o฀n฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀,฀฀
฀a฀n฀d ฀฀t฀h e ฀ n฀a t u e ฀฀o฀f ฀฀t฀h e฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀s฀t฀i฀m฀u฀l฀i฀.฀฀฀I฀n฀฀฀t฀h฀i฀s฀฀฀s฀t฀u฀d฀y฀฀฀w฀e฀฀฀d฀e฀m฀o฀n-
฀s฀t฀r฀a฀t e฀d฀฀฀t฀h฀a฀t฀฀฀t h฀e฀฀฀a฀m o฀u฀n฀t฀฀฀o฀f฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀v฀a฀r฀i฀e฀d฀฀฀f฀o฀r฀฀฀d฀i฀f฀f฀e฀r฀e฀n฀t฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀
฀s฀t฀i฀m฀u฀l฀i฀, ฀ a฀n฀d฀ ฀t฀h฀e฀฀ ฀p฀r฀ ฀p฀o฀r฀t฀i฀o฀n฀฀ ฀o฀f฀฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀ ฀w฀h฀o฀฀ ฀s฀h฀o฀w฀e฀d฀฀ ฀t฀r฀a฀n฀s-
฀f e฀r฀ ฀o f฀฀ ฀l฀e฀a฀r฀n i฀n฀g฀฀ ฀t฀o฀฀ ฀g฀e฀n฀e฀r฀a฀l฀i฀z฀a฀b฀l฀e฀฀ ฀o฀u฀t฀c฀o฀m฀e฀s฀฀ ฀v฀a฀r฀i฀e฀d฀฀ ฀f฀o฀r฀฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀฀
฀o u t c o m฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀.฀฀ T฀o฀฀ ฀d฀a฀t฀e฀,฀฀ ฀t฀h฀e฀r฀e฀฀ ฀i฀s฀฀ ฀n฀o฀฀ ฀c฀l฀e฀a฀r฀฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀฀ ฀a฀s฀฀ ฀t฀o฀฀
w฀h฀ ฀฀ w฀o฀u l฀d ฀ b฀e฀n฀e฀i฀t฀฀ ฀f฀r฀o฀m฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀(฀B฀o฀o฀t฀h฀r฀o฀y฀d฀฀ ฀2฀0฀1฀0฀)฀,฀฀
฀a l฀t h o฀u฀g฀h฀฀ c฀l฀ ฀a r l฀y฀฀ ฀t฀h฀i฀s฀฀ ฀w฀o฀u฀l฀d฀฀ ฀b฀e฀฀ ฀b฀e฀n฀e฀i฀c฀i฀a฀l฀฀ ฀f฀r฀o฀m฀฀ ฀a฀฀ ฀c฀l฀i฀n฀i฀c฀a฀l฀฀ ฀p฀e฀r-
฀s฀p฀e฀c฀t฀i฀v฀e฀฀฀i฀n ฀฀t฀e฀r m฀s ฀฀o฀f฀฀฀m฀a฀n฀a฀g฀i฀n฀g฀฀฀p฀e฀o฀p฀l฀e฀฀฀w฀i฀t฀h฀฀฀h฀e฀a฀r฀i฀n฀g฀฀฀l฀o฀s฀s฀.฀฀฀S฀e฀p฀a-
฀r฀a฀t฀i฀n g ฀ p r o฀c฀e฀d u r฀a l฀฀฀f฀r฀o m฀฀฀p฀e฀r฀c฀e฀p฀t฀u฀a฀l฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀i฀s฀฀฀a฀l฀s฀o฀฀฀p฀r฀o฀b฀l฀e฀m฀a฀t฀i฀c฀,฀฀
฀w฀i t h฀฀ ฀s฀o m฀e฀ ฀r e s e฀a฀r฀c h฀e฀r฀s฀฀ ฀a฀s฀s฀u฀m฀i฀n฀g฀฀ ฀t฀h฀a฀t฀฀ ฀p฀e฀r฀c฀e฀p฀t฀u฀a฀l฀฀ ฀l฀e฀a฀r฀n฀i฀n฀g฀฀ ฀i฀s฀฀ ฀a฀฀
฀s฀l฀o฀w ฀฀p฀r฀o฀c e฀s฀s฀฀ r฀e q u฀i r฀i฀n฀g฀฀฀e฀x฀t฀e฀n฀s฀i฀v฀e฀฀฀f฀a฀m฀i฀l฀i฀a฀r฀i฀z฀a฀t฀i฀o฀n฀฀฀w฀i฀t฀h฀฀฀t฀h฀e฀฀฀t฀r฀a฀i฀n-
i n g฀฀ s฀t i m฀u฀l฀i฀฀฀( D e฀m a฀n฀y ฀฀&฀฀฀S฀e฀m฀a฀l฀฀฀2฀0฀0฀2฀;฀฀฀D฀e฀l฀h฀o฀m฀m฀e฀a฀u฀฀฀e฀t฀฀฀a฀l฀.฀฀฀2฀0฀0฀2฀)฀.฀฀
฀H฀o฀w฀e฀v฀e r ,฀ ฀o฀t฀h฀e฀r฀s฀฀ h฀a฀v฀e ฀฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀d฀฀฀t฀h฀a฀t฀฀฀p฀e฀r฀c฀e฀p฀t฀u฀a฀l฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀c฀a฀n฀฀
Fig. 8. Improved hearing disability and divided attention correlated fol-
lowing training. Filled circles: trained participants who improved on both 
self-rating (GHABP) of hearing disability and divided attention (TEA dual 
task decrement, DTD). Unfilled circles: trained participants who did not 
improve on at least one measure. The regression line is relevant to the filled 
circles only.
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฀b฀e฀฀฀v฀e฀r฀y฀฀฀r฀a฀p฀i฀d฀,฀฀฀a฀n฀d฀฀฀t฀h฀a฀t฀฀฀p฀r฀o฀c฀e฀d฀u฀r฀a฀l฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀i฀s฀฀฀o฀f฀t฀e฀n฀฀฀i฀n฀a฀c฀c฀u฀r฀a฀t฀e฀l฀y฀฀
฀c฀o฀n฀f฀u฀s฀e฀d฀฀฀w฀i฀t฀h฀฀฀t฀h฀i฀s฀฀฀e฀a฀r฀l฀y฀฀฀a฀n฀d฀฀฀r฀a฀p฀i฀d฀฀฀p฀e฀r฀c฀e฀p฀t฀u฀a฀l฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀(฀H฀a฀w฀k฀e฀y฀฀
฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀0฀4฀)฀.฀฀ ฀D฀i฀f฀f฀e฀r฀e฀n฀t฀฀ ฀s฀t฀u฀d฀y฀฀ ฀d฀e฀s฀i฀g฀n฀s฀,฀฀ ฀s฀u฀c฀h฀฀ ฀a฀s฀฀ ฀t฀h฀e฀฀ ฀i฀n฀c฀l฀u฀s฀i฀o฀n฀฀ ฀o฀f฀฀
฀c฀o฀n฀t฀r฀o฀l฀฀฀g฀r฀o฀u฀p฀s฀฀฀a฀n฀d฀฀฀c฀r฀o฀s฀s฀o฀v฀e฀r฀฀฀d฀e฀s฀i฀g฀n฀s฀,฀฀฀c฀a฀n฀฀฀a฀t฀t฀e฀m฀p฀t฀฀฀t฀o฀฀฀o฀v฀e฀r฀c฀o฀m฀e฀฀
฀o฀r฀฀฀a฀c฀c฀o฀u฀n฀t฀฀฀f฀o฀r฀฀฀b฀o฀t฀h฀฀฀t฀a฀s฀k฀-฀r฀e฀l฀a฀t฀e฀d฀฀฀a฀n฀d฀฀฀p฀r฀o฀c฀e฀d฀u฀r฀a฀l฀฀฀e฀f฀f฀e฀c฀t฀s฀,฀฀฀b฀u฀t฀฀฀t฀h฀e฀฀
฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y฀฀ ฀s฀t฀i฀l฀l฀฀ ฀r฀e฀m฀a฀i฀n฀s฀.฀฀ ฀I฀t฀฀ ฀i฀s฀฀ ฀a฀l฀s฀o฀฀ ฀u฀n฀c฀l฀e฀a฀r฀฀ ฀w฀h฀a฀t฀฀ ฀t฀h฀e฀฀ ฀o฀p฀t฀i฀m฀a฀l฀฀
฀d฀u฀r฀a฀t฀i฀o฀n฀฀ ฀o฀f฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀i฀s฀฀ ฀(฀B฀o฀o฀t฀h฀r฀o฀y฀d฀฀ ฀2฀0฀1฀0฀)฀.฀฀ ฀I฀t฀฀ ฀h฀a฀s฀฀ ฀b฀e฀e฀n฀฀ ฀d฀e฀m฀o฀n-
฀s฀t฀r฀a฀t฀e฀d฀฀ ฀t฀h฀a฀t฀฀ ฀g฀e฀n฀e฀r฀a฀l฀i฀z฀a฀b฀l฀e฀฀ ฀l฀e฀a฀r฀n฀i฀n฀g฀฀ ฀l฀a฀g฀s฀฀ ฀b฀e฀h฀i฀n฀d฀฀ ฀t฀h฀a฀t฀฀ ฀o฀f฀฀ ฀o฀n฀-฀t฀a฀s฀k฀฀





฀i฀n฀g฀,฀฀ ฀t฀h฀e฀฀ ฀g฀r฀e฀a฀t฀e฀r฀฀ ฀t฀h฀e฀฀ ฀l฀e฀a฀r฀n฀i฀n฀g฀.฀฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀฀ ฀i฀t฀฀ ฀h฀a฀s฀฀ ฀b฀e฀e฀n฀฀ ฀s฀h฀o฀w฀n฀฀ ฀f฀o฀r฀฀
฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀f฀r฀e฀q฀u฀e฀n฀c฀y฀฀฀d฀i฀s฀c฀r฀i฀m฀i฀n฀a฀t฀i฀o฀n฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀t฀h฀a฀t฀,฀฀฀p฀o฀s฀s฀i฀b฀l฀y฀฀฀i฀n฀t฀e฀r-










฀t฀h฀e฀฀ ฀m฀o฀s฀t฀฀ ฀s฀u฀i฀t฀a฀b฀l฀e฀฀ ฀f฀o฀r฀฀ ฀d฀e฀v฀e฀l฀o฀p฀i฀n฀g฀฀ ฀p฀h฀o฀n฀e฀t฀i฀c฀฀ ฀i฀d฀e฀n฀t฀i฀i฀c฀a฀t฀i฀o฀n฀.฀฀ ฀T฀h฀i฀s฀฀
฀q฀u฀e฀s฀t฀i฀o฀n฀฀ ฀h฀a฀s฀฀ ฀t฀w฀o฀฀ ฀a฀s฀p฀e฀c฀t฀s฀,฀฀ ฀w฀h฀e฀t฀h฀e฀r฀฀ ฀t฀h฀e฀฀ ฀u฀s฀e฀฀ ฀o฀f฀฀ ฀“฀o฀d฀d฀-฀o฀n฀e฀-฀o฀u฀t฀”฀฀
฀s฀e฀l฀e฀c฀t฀i฀o฀n฀฀ ฀p฀r฀o฀m฀o฀t฀e฀s฀฀ ฀a฀c฀o฀u฀s฀t฀i฀c฀,฀฀ ฀r฀a฀t฀h฀e฀r฀฀ ฀t฀h฀a฀n฀฀ ฀p฀h฀o฀n฀o฀l฀o฀g฀i฀c฀a฀l฀฀ ฀a฀w฀a฀r฀e-
฀n฀e฀s฀s฀,฀฀฀a฀n฀d฀฀฀w฀h฀e฀t฀h฀e฀r฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀a฀r฀o฀u฀n฀d฀฀฀t฀h฀e฀฀฀b฀o฀u฀n฀d฀a฀r฀y฀฀฀o฀f฀฀฀a฀฀฀c฀a฀t฀e฀g฀o฀r฀i฀c฀a฀l฀฀
฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀฀฀t฀a฀s฀k฀,฀฀฀w฀h฀i฀c฀h฀฀฀t฀h฀e฀s฀e฀฀฀t฀a฀s฀k฀s฀฀฀w฀e฀r฀e฀,฀฀฀i฀s฀฀฀p฀r฀e฀f฀e฀r฀r฀e฀d฀฀฀o฀v฀e฀r฀฀฀t฀r฀a฀i฀n-
฀i฀n฀g฀฀ ฀w฀i฀t฀h฀i฀n฀฀ ฀a฀฀ ฀p฀h฀o฀n฀e฀m฀e฀฀ ฀c฀a฀t฀e฀g฀o฀r฀y฀.฀฀ ฀I฀t฀฀ ฀i฀s฀฀ ฀t฀r฀u฀e฀฀ ฀t฀h฀a฀t฀฀ ฀a฀฀ ฀l฀i฀s฀t฀e฀n฀e฀r฀฀ ฀c฀o฀u฀l฀d฀฀
฀p฀o฀t฀e฀n฀t฀i฀a฀l฀l฀y฀฀ ฀i฀g฀n฀o฀r฀e฀฀ ฀t฀h฀e฀฀ ฀p฀h฀o฀n฀o฀l฀o฀g฀i฀c฀a฀l฀฀ ฀p฀r฀o฀p฀e฀r฀t฀i฀e฀s฀฀ ฀o฀f฀฀ ฀t฀h฀i฀s฀฀ ฀t฀a฀s฀k฀฀ ฀a฀n฀d฀฀
฀p฀e฀r฀f฀o฀r฀m฀฀ ฀o฀n฀l฀y฀฀ ฀o฀n฀฀ ฀t฀h฀e฀฀ ฀b฀a฀s฀i฀s฀฀ ฀o฀f฀฀ ฀d฀i฀s฀c฀r฀e฀t฀e฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀c฀u฀e฀s฀.฀฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀฀
฀t฀h฀e฀฀฀r฀a฀t฀i฀o฀n฀a฀l฀e฀,฀฀฀e฀s฀p฀e฀c฀i฀a฀l฀l฀y฀฀฀i฀n฀฀฀t฀h฀e฀฀฀p฀r฀e฀s฀e฀n฀t฀฀฀s฀t฀u฀d฀y฀,฀฀฀w฀a฀s฀฀฀t฀h฀a฀t฀฀฀t฀h฀e฀฀฀t฀r฀a฀i฀n฀e฀d฀฀
฀l฀i฀s฀t฀e฀n฀e฀r฀s฀฀฀h฀a฀d฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀r฀a฀t฀h฀e฀r฀฀฀t฀h฀a฀n฀฀฀p฀h฀o฀n฀o฀l฀o฀g฀i฀c฀a฀l฀฀฀p฀r฀o฀c฀e฀s฀s฀i฀n฀g฀฀฀p฀r฀o฀b-
฀l฀e฀m฀s฀,฀฀ ฀s฀o฀฀ ฀i฀t฀฀ ฀w฀a฀s฀฀ ฀p฀r฀o฀b฀a฀b฀l฀y฀฀ ฀b฀e฀s฀t฀฀ ฀t฀o฀฀ ฀f฀o฀c฀u฀s฀฀ ฀o฀n฀฀ ฀a฀฀ ฀s฀p฀e฀e฀c฀h฀-฀b฀a฀s฀e฀d฀฀ ฀t฀a฀s฀k฀฀
฀t฀h฀a฀t฀฀ ฀d฀e฀l฀i฀v฀e฀r฀e฀d฀฀ ฀a฀฀ ฀l฀a฀r฀g฀e฀฀ ฀n฀u฀m฀b฀e฀r฀฀ ฀o฀f฀฀ ฀r฀e฀l฀e฀v฀a฀n฀t฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀d฀i฀s฀c฀r฀i฀m฀i฀n฀a-
฀t฀i฀o฀n฀฀฀t฀r฀i฀a฀l฀s฀฀฀e฀f฀i฀c฀i฀e฀n฀t฀l฀y฀,฀฀฀t฀h฀a฀n฀฀฀o฀n฀฀฀o฀n฀e฀฀฀t฀h฀a฀t฀฀฀e฀m฀p฀h฀a฀s฀i฀z฀e฀d฀฀฀i฀d฀e฀n฀t฀i฀i฀c฀a฀t฀i฀o฀n฀฀
฀o฀f฀฀ ฀m฀e฀a฀n฀i฀n฀g฀l฀e฀s฀s฀฀ ฀t฀o฀k฀e฀n฀s฀.฀฀ ฀I฀n฀฀ ฀f฀a฀c฀t฀,฀฀ ฀l฀i฀s฀t฀e฀n฀e฀r฀s฀฀ ฀i฀n฀฀ ฀o฀u฀r฀฀ ฀s฀i฀m฀i฀l฀a฀r฀฀ ฀s฀t฀u฀d฀i฀e฀s฀฀
฀(฀M฀i฀l฀l฀w฀a฀r฀d฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀1฀1฀;฀฀ ฀H฀a฀l฀l฀i฀d฀a฀y฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀1฀2฀)฀฀ ฀w฀h฀e฀n฀฀ ฀a฀s฀k฀e฀d฀฀ ฀a฀b฀o฀u฀t฀฀
฀t฀h฀e฀i฀r฀฀ ฀t฀a฀c฀t฀i฀c฀s฀,฀฀ ฀r฀e฀p฀o฀r฀t฀e฀d฀฀ ฀d฀i฀s฀c฀r฀i฀m฀i฀n฀a฀t฀i฀n฀g฀฀ ฀w฀h฀o฀l฀e฀฀ ฀t฀o฀k฀e฀n฀s฀฀ ฀(฀s฀y฀l฀l฀a฀b฀l฀e฀s฀)฀฀








฀p฀e฀r฀f฀o฀r฀m฀e฀d฀,฀฀ ฀y฀e฀t฀฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀฀ ฀c฀o฀m฀p฀l฀i฀a฀n฀c฀e฀฀ ฀o฀f฀t฀e฀n฀฀ ฀g฀o฀e฀s฀฀ ฀u฀n฀r฀e฀p฀o฀r฀t฀e฀d฀.฀฀
฀W฀h฀e฀r฀e฀฀฀r฀e฀p฀o฀r฀t฀e฀d฀,฀฀฀c฀o฀m฀p฀l฀i฀a฀n฀c฀e฀฀฀r฀a฀t฀e฀s฀฀฀a฀r฀e฀฀฀o฀f฀t฀e฀n฀฀฀e฀x฀a฀g฀g฀e฀r฀a฀t฀e฀d฀,฀฀฀a฀s฀฀฀t฀h฀e฀y฀฀
฀a฀r฀e฀฀฀b฀a฀s฀e฀d฀฀฀o฀n฀฀฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀฀฀d฀r฀o฀p฀o฀u฀t฀฀฀r฀a฀t฀h฀e฀r฀฀฀t฀h฀a฀n฀฀฀o฀n฀฀฀t฀h฀o฀s฀e฀฀฀c฀o฀m฀p฀l฀e฀t-
฀i฀n฀g฀฀ ฀t฀h฀e฀฀ ฀r฀e฀q฀u฀i฀r฀e฀d฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀.฀฀ ฀O฀n฀l฀y฀฀ ฀6฀฀ ฀o฀f฀฀ ฀1฀3฀฀ ฀s฀t฀u฀d฀i฀e฀s฀฀ ฀i฀n฀฀ ฀o฀u฀r฀฀ ฀r฀e฀c฀e฀n฀t฀฀
฀s฀y฀s฀t฀e฀m฀a฀t฀i฀c฀฀฀r฀e฀v฀i฀e฀w฀฀฀(฀H฀e฀n฀s฀h฀a฀w฀฀฀&฀฀฀F฀e฀r฀g฀u฀s฀o฀n฀฀฀2฀0฀1฀3฀a฀)฀฀฀r฀e฀p฀o฀r฀t฀e฀d฀฀฀c฀o฀m-




฀e฀n฀t฀฀ ฀s฀t฀u฀d฀y฀฀ ฀b฀a฀s฀e฀d฀฀ ฀o฀n฀฀ ฀c฀o฀m฀p฀l฀e฀t฀i฀o฀n฀฀ ฀o฀f฀฀ ฀r฀e฀q฀u฀i฀r฀e฀d฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀,฀฀ ฀o฀r฀฀ ฀1฀0฀0฀%฀฀
฀i฀f฀฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀฀ ฀d฀r฀o฀p฀o฀u฀t฀฀ ฀w฀a฀s฀฀ ฀s฀e฀t฀฀ ฀a฀s฀฀ ฀c฀o฀m฀p฀l฀i฀a฀n฀c฀e฀฀ ฀c฀r฀i฀t฀e฀r฀i฀o฀n฀.฀฀ ฀O฀f฀฀ ฀t฀h฀e฀฀
฀o฀t฀h฀e฀r฀฀฀s฀t฀u฀d฀i฀e฀s฀,฀฀฀o฀n฀l฀y฀฀฀o฀n฀e฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀r฀e฀g฀i฀m฀e฀n฀฀฀w฀a฀s฀฀฀l฀a฀b฀-฀b฀a฀s฀e฀d฀฀฀(฀H฀u฀m฀e฀s฀฀
฀e฀t฀฀ a฀l฀.฀฀ ฀2฀0 0 9 ) .฀ ฀T฀h฀i฀s฀ ฀s฀u฀g฀g฀e฀s฀t฀s฀฀ ฀t฀h฀a฀t฀฀ ฀t฀h฀o฀s฀e฀฀ ฀c฀o฀m฀p฀l฀e฀t฀i฀n฀g฀฀ ฀฀h฀o฀m฀e฀-฀b฀a฀s฀e฀d฀฀
฀t฀r฀a i n i฀n g , ฀฀w h฀e฀r e ฀฀l a c k ฀o฀f฀฀฀s฀u฀p฀e฀r฀v฀i฀s฀i฀o฀n฀฀฀m฀i฀g฀h฀t฀฀฀b฀e฀฀฀e฀x฀p฀e฀c฀t฀e฀d฀฀฀t฀o฀฀฀r฀e฀s฀u฀l฀t฀฀
฀i n฀ ฀l฀o w฀ ฀r฀฀ ฀c฀o฀m p฀l฀i a฀n c e฀,฀฀ ฀a฀r฀e฀฀ ฀a฀s฀฀ ฀c฀o฀m฀p฀l฀i฀a฀n฀t฀฀ ฀a฀s฀฀ ฀t฀h฀o฀s฀e฀฀ ฀u฀n฀d฀e฀r฀g฀o฀i฀n฀g฀฀
฀฀l฀a b -฀b฀a฀s฀e d ฀t r฀a฀i฀n฀i฀n฀g฀. ฀H฀o฀w฀e฀v฀e฀r฀,฀฀ ฀h฀i฀g฀h฀฀ ฀c฀o฀m฀p฀l฀i฀a฀n฀c฀e฀฀ ฀i฀n฀฀ ฀v฀o฀l฀u฀n฀t฀e฀e฀r฀s฀฀
฀w฀h o ฀ t a k฀e฀฀฀p฀a฀r฀t฀฀฀i฀n฀฀฀a฀ ฀t฀r a฀i฀n฀i฀n฀g฀฀฀s฀t฀u฀d฀y฀฀฀d฀o฀e฀s฀฀฀n฀o฀t฀฀฀n฀e฀c฀e฀s฀s฀a฀r฀i฀l฀y฀฀฀t฀r฀a฀n฀s฀l฀a฀t฀e฀฀
t฀o ฀h฀i฀g฀h฀ c฀o฀m p l฀i฀a฀n c฀e฀ ฀i n฀฀฀a฀฀฀g฀e฀n฀e฀r฀a฀l฀฀฀c฀l฀i฀n฀i฀c฀a฀l฀฀฀p฀o฀p฀u฀l฀a฀t฀i฀o฀n฀.฀฀฀S฀w฀e฀e฀t฀o฀w฀฀฀&฀฀
H฀e n d e r s฀o n ฀฀S a฀b e฀s฀฀ (฀2฀0฀1฀0฀)฀฀฀r฀e฀p฀o฀r฀t฀e฀d฀฀฀c฀o฀m฀p฀l฀i฀a฀n฀c฀e฀฀฀a฀t฀฀฀3฀0฀%฀฀฀i฀n฀฀฀a฀฀฀l฀a฀r฀g฀e฀-
฀s฀c a฀l฀e฀ ฀c฀l฀i n i฀c฀a l฀฀฀t฀r฀i฀a฀l฀฀ o f฀฀฀o฀v฀e฀r฀฀฀3฀0฀0฀0฀฀฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀฀o฀f฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀
฀u฀s฀i n฀g฀ ฀L฀A฀C฀E .฀ I฀t฀฀฀i฀s฀฀ n฀o t฀฀฀c฀l฀e฀a฀r฀฀฀w฀h฀y฀฀฀c฀o฀m฀p฀l฀i฀a฀n฀c฀e฀฀฀w฀a฀s฀฀฀s฀o฀฀฀l฀o฀w฀฀฀b฀u฀t฀฀฀t฀h฀e฀y฀฀
s฀p฀e c฀u฀l฀a฀t฀e ฀ ฀o฀n t฀h e฀฀ i m฀p฀o฀r฀t฀a฀n฀c฀e฀฀ ฀o฀f฀฀ ฀c฀l฀i฀n฀i฀c฀i฀a฀n฀-฀p฀a฀t฀i฀e฀n฀t฀฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀s฀฀
฀a฀n฀d฀฀ p a฀t i฀e฀n฀t฀฀ m o t฀i฀v฀a฀t฀i฀o฀n฀.฀฀฀P฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀฀f฀r฀o฀m฀฀฀t฀h฀e฀฀฀p฀r฀e฀s฀e฀n฀t฀฀฀s฀t฀u฀d฀y฀฀฀w฀h฀o฀฀
t฀o฀o k ฀ ฀p฀a฀r฀t ฀ ฀i n฀฀ ฀t฀w฀o฀ ฀f฀o฀c฀u฀s฀฀ ฀g฀r฀o฀u฀p฀s฀฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀d฀฀ ฀t฀h฀a฀t฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀l฀o฀s฀s฀฀ ฀a฀n฀d฀฀
t h฀e฀ ฀p o฀s฀s฀i฀b฀i฀l฀i฀t y฀฀ o฀f฀ ฀i฀m p฀r฀o฀v฀i฀n฀g฀฀฀h฀e฀a฀r฀i฀n฀g฀฀฀w฀e฀r฀e฀฀฀e฀x฀t฀r฀i฀n฀s฀i฀c฀฀฀m฀o฀t฀i฀v฀a฀t฀o฀r฀s฀,฀฀
฀w h฀e฀r฀e a s ฀฀t h฀e฀ ฀d฀e฀s฀i r฀e฀฀฀t o฀฀฀c฀o฀m฀p฀l฀e฀t฀e฀฀฀t฀h฀e฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀a฀n฀d฀฀฀t฀o฀฀฀b฀e฀a฀t฀฀฀t฀h฀e฀i฀r฀฀฀p฀r฀e-
฀v฀i฀o฀u฀s ฀s฀c฀o฀r฀e s฀฀฀d฀u r i฀n g฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀w฀e฀r฀e฀฀฀i฀n฀t฀r฀i฀n฀s฀i฀c฀฀฀m฀o฀t฀i฀v฀a฀t฀o฀r฀s฀฀฀(฀H฀e฀n฀s฀h฀a฀w฀฀
฀e฀t ฀฀a฀l฀.฀฀ 2 0฀1 2฀b฀) .฀฀฀A฀s ฀฀w฀i฀t฀h฀฀฀m฀a฀n฀y฀฀฀h฀e฀a฀l฀t฀h฀฀฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀,฀฀฀r฀e฀a฀d฀i฀n฀e฀s฀s฀฀฀t฀o฀฀฀t฀a฀k฀e฀฀
a฀c฀t฀i฀o฀n฀฀฀i฀s฀฀ r฀e฀q฀u฀i฀r฀e฀d฀฀฀t฀ ฀฀ c฀h฀a฀n฀g฀e฀฀฀a฀n฀d฀฀฀i฀m฀p฀r฀o฀v฀e฀฀฀h฀e฀a฀l฀t฀h฀฀฀b฀e฀h฀a฀v฀i฀o฀r฀s฀.฀฀฀T฀h฀e฀฀
p r i฀n฀c฀i฀p฀l฀e s฀฀฀u฀n฀d p฀i฀n฀n฀i฀n฀g฀฀฀t฀h฀e฀฀฀T฀r฀a฀n฀s฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀฀฀H฀e฀a฀l฀t฀h฀฀฀B฀e฀h฀a฀v฀i฀o฀u฀r฀฀
฀C฀h a฀n฀g฀e฀ ฀M฀o฀d e฀l (฀D i฀C l e m฀e฀n฀t฀e฀฀฀&฀฀฀P฀r฀o฀c฀h฀a฀s฀k฀a฀฀฀1฀9฀9฀8฀)฀,฀฀฀w฀h฀i฀c฀h฀฀฀d฀e฀i฀n฀e฀฀
฀a฀฀฀p฀e฀r฀s฀o n ’฀s฀ ฀h฀e฀a฀l฀t฀h฀฀฀b฀e฀h฀a฀v฀i฀o฀r฀฀฀s฀t฀a฀g฀e฀฀฀(฀e฀.฀g฀.฀,฀฀฀c฀o฀n฀t฀e฀m฀p฀l฀a฀t฀i฀o฀n฀,฀฀฀p฀r฀e฀p฀a฀r฀a-
t฀i฀o฀n฀,฀฀ a฀c฀t i฀o฀n฀,฀ a฀n฀d฀ ฀m฀a฀i฀n฀t฀e฀n฀a฀n฀c฀e฀)฀,฀฀฀c฀a฀n฀฀฀a฀l฀s฀o฀฀฀b฀e฀฀฀a฀p฀p฀l฀i฀e฀d฀฀฀t฀o฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀




฀i฀n฀g฀฀ ฀w฀a฀s฀฀ ฀t฀o฀฀ ฀c฀o฀m฀p฀l฀e฀x฀฀ ฀c฀o฀g฀n฀i฀t฀i฀v฀e฀฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀.฀฀ ฀W฀o฀r฀k฀i฀n฀g฀฀ ฀m฀e฀m฀o฀r฀y฀฀ ฀i฀s฀฀
฀h฀i฀g฀h฀l฀y฀฀ ฀a฀s฀s฀o฀c฀i฀a฀t฀e฀d฀฀ ฀w฀i฀t฀h฀฀ ฀l฀a฀n฀g฀u฀a฀g฀e฀฀ ฀c฀o฀m฀p฀r฀e฀h฀e฀n฀s฀i฀o฀n฀฀ ฀(฀R฀ö฀n฀n฀b฀e฀r฀g฀฀
฀e฀t฀฀฀a฀l฀.฀฀฀2฀0฀0฀8฀)฀.฀฀฀A฀s฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀i฀s฀฀฀a฀l฀w฀a฀y฀s฀฀฀g฀r฀e฀a฀t฀e฀s฀t฀฀฀o฀n฀฀฀t฀h฀e฀฀฀t฀a฀s฀k฀฀฀t฀h฀a฀t฀฀฀h฀a฀s฀฀




฀m฀e฀d฀)฀฀ ฀i฀n฀฀ ฀a฀฀ ฀d฀ ฀u฀b฀l฀e฀-฀b฀l฀i฀n฀d฀,฀฀ ฀r฀a฀n฀d฀o฀m฀i฀z฀e฀d฀,฀฀ ฀a฀c฀t฀i฀v฀e฀-฀c฀o฀n฀t฀r฀o฀l฀l฀e฀d฀฀ ฀t฀r฀i฀a฀l฀฀ ฀o฀f฀฀





฀t฀r฀o฀l฀฀ ฀g฀r฀o฀u฀p฀฀ ฀(฀i฀.฀e฀.฀,฀฀ ฀t฀h฀e฀฀ ฀c฀o฀n฀t฀r฀o฀l฀฀ ฀g฀r฀o฀u฀p฀฀ ฀h฀a฀d฀฀ ฀a฀n฀฀ ฀a฀c฀t฀i฀v฀i฀t฀y฀฀ ฀t฀o฀฀ ฀p฀e฀r฀f฀o฀r฀m฀,฀฀
฀i฀n฀฀฀t฀h฀i฀s฀฀฀c฀a฀s฀e฀฀฀w฀a฀t฀c฀h฀i฀n฀g฀฀฀e฀d฀u฀c฀a฀t฀i฀o฀n฀a฀l฀฀฀d฀i฀g฀i฀t฀a฀l฀฀฀v฀i฀d฀e฀o฀฀฀d฀i฀s฀c฀s฀)฀.฀฀฀A฀฀฀s฀t฀u฀d฀y฀฀
฀o฀f฀฀฀w฀o฀r฀k฀i฀n฀g฀฀฀m฀e฀m฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀h฀a฀s฀฀฀s฀h฀o฀w฀n฀฀฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀฀i฀n฀฀฀b฀o฀t฀h฀฀
฀m฀e฀m฀o฀r฀y฀฀ ฀a฀n฀d฀฀ ฀l฀a฀n฀g฀u฀a฀g฀e฀฀ ฀(฀s฀e฀n฀t฀e฀n฀c฀e฀฀ ฀r฀e฀p฀e฀t฀i฀t฀i฀o฀n฀)฀฀ ฀s฀k฀i฀l฀l฀s฀฀ ฀i฀n฀฀ ฀c฀h฀i฀l฀d฀r฀e฀n฀฀
฀w฀i฀t฀h฀฀ ฀c฀o฀c฀h฀l฀e฀a฀r฀฀ ฀i฀m฀p฀l฀a฀n฀t฀s฀฀ ฀(฀K฀r฀o฀n฀e฀n฀b฀e฀r฀g฀e฀r฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀2฀0฀1฀1฀)฀.฀฀฀T฀h฀i฀s฀฀ ฀e฀a฀r฀l฀y฀฀
฀c฀o฀n฀v฀e฀r฀g฀i฀n฀g฀฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀฀ ฀s฀u฀g฀g฀e฀s฀t฀s฀฀ ฀t฀h฀a฀t฀฀ ฀t฀o฀฀ ฀i฀m฀p฀r฀o฀v฀e฀฀ ฀s฀p฀e฀e฀c฀h฀฀ ฀p฀e฀r฀c฀e฀p-
฀t฀i฀o฀n฀฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀,฀฀ ฀t฀h฀e฀฀ ฀d฀e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀฀ ฀o฀f฀฀ ฀c฀o฀g฀n฀i฀t฀i฀v฀e฀฀ ฀s฀k฀i฀l฀l฀s฀฀ ฀m฀a฀y฀฀ ฀b฀e฀฀
฀a฀s฀฀฀i฀m฀p฀o฀r฀t฀a฀n฀t฀,฀฀฀o฀r฀฀฀e฀v฀e฀n฀฀฀m฀o฀r฀e฀฀฀i฀m฀p฀o฀r฀t฀a฀n฀t฀฀฀t฀h฀a฀n฀฀฀t฀h฀e฀฀฀d฀e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀฀฀o฀f฀฀







฀S฀i g฀n i i c฀ ฀n฀t ฀฀a n d ฀r฀o฀b฀u฀s฀t฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀w฀a฀s฀฀฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀d฀฀฀f฀o฀r฀฀฀a฀฀฀p฀h฀o-
฀n฀e m฀e ฀d฀i฀s฀c฀r฀i฀m฀i฀n฀a฀t฀i฀o n฀฀฀t฀a฀s฀k฀฀฀i฀n฀฀฀5฀0฀-฀฀฀t฀o฀฀฀7฀4฀-฀y฀e฀a฀r฀-฀o฀l฀d฀฀฀a฀d฀u฀l฀t฀s฀฀฀w฀i฀t฀h฀฀฀m฀i฀l฀d฀฀
฀h฀e฀a฀r฀i n g฀฀ l฀o s฀s .฀ T฀h ฀฀l฀a฀r฀g฀e฀s฀t฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀e฀f฀f฀e฀c฀t฀s฀฀฀w฀e฀r฀e฀฀฀f฀o฀u฀n฀d฀฀฀f฀o฀r฀฀฀t฀h฀e฀฀฀m฀o฀s฀t฀฀
d i f i฀c฀u฀l฀t฀- t o฀- d฀i s฀c฀r฀i฀m฀i฀n฀a฀t฀e฀฀ ฀p฀h฀o฀n฀e฀m฀e฀s฀.฀฀ ฀G฀e฀n฀e฀r฀a฀l฀i฀z฀a฀t฀i฀o฀n฀฀ ฀o฀f฀฀ ฀l฀e฀a฀r฀n-
฀i฀n฀g ฀฀w฀a฀s฀ ฀s฀h฀o฀w n฀฀ w฀i฀t฀h฀฀฀m฀o฀d฀e฀r฀a฀t฀e฀฀฀e฀f฀f฀e฀c฀t฀฀฀s฀i฀z฀e฀s฀฀฀f฀o฀r฀฀฀c฀o฀m฀p฀l฀e฀x฀฀฀b฀u฀t฀฀฀n฀o฀t฀฀
฀s฀i m฀p฀l e฀฀฀m฀e฀a฀s฀u฀r฀e฀s ฀฀o฀f฀฀ d฀i฀v฀i฀d฀e฀d฀฀฀a฀t฀t฀e฀n฀t฀i฀o฀n฀฀฀a฀n฀d฀฀฀w฀o฀r฀k฀i฀n฀g฀฀฀m฀e฀m฀o฀r฀y฀,฀฀฀a฀n฀d฀฀
e120  ฀F฀E฀R฀G฀U฀S฀O฀N฀฀฀E฀T฀฀฀A฀L฀.฀฀฀/฀฀฀E฀A฀R฀฀฀&฀฀฀H฀E฀A฀R฀I฀N฀G฀,฀฀฀V฀O฀L฀.฀฀฀3฀5฀,฀฀฀N฀O฀.฀฀฀4฀,฀฀฀e฀1฀1฀0฀–฀e฀1฀2฀1
฀f฀o฀r฀฀฀h฀e฀a฀r฀i฀n฀g฀฀฀d฀i฀s฀a฀b฀i฀l฀i฀t฀y฀,฀฀฀s฀p฀e฀c฀i฀i฀c฀a฀l฀l฀y฀฀฀f฀o฀r฀฀฀c฀o฀m฀p฀l฀e฀x฀฀฀l฀i฀s฀t฀e฀n฀i฀n฀g฀฀฀c฀o฀n฀d฀i-
฀t฀i฀o฀n฀s฀.฀฀฀T฀h฀e฀r฀e฀฀ ฀w฀e฀r฀e฀฀ ฀n฀o฀฀ ฀c฀o฀n฀s฀i฀s฀t฀e฀n฀t฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀-฀r฀e฀l฀a฀t฀e฀d฀฀ ฀i฀m฀p฀r฀o฀v฀e฀m฀e฀n฀t฀s฀฀
฀i฀n฀฀ ฀s฀p฀e฀e฀c฀h฀฀ ฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀.฀฀ ฀I฀n฀฀ ฀t฀h฀e฀฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀ ฀w฀h฀o฀฀ ฀s฀h฀o฀w฀e฀d฀฀ ฀t฀r฀a฀n฀s฀f฀e฀r฀฀
฀o฀f฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀,฀฀฀t฀h฀e฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀w฀a฀s฀฀฀r฀e฀t฀a฀i฀n฀e฀d฀฀฀f฀o฀r฀฀฀a฀t฀฀฀l฀e฀a฀s฀t฀฀฀4฀฀฀w฀e฀e฀k฀s฀฀฀p฀o฀s฀t-
฀t฀r฀a฀i฀n฀i฀n฀g฀.฀฀ ฀C฀o฀m฀p฀l฀i฀a฀n฀c฀e฀฀ ฀w฀i฀t฀h฀฀ ฀h฀o฀m฀e฀-฀d฀e฀l฀i฀v฀e฀r฀e฀d฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀v฀i฀a฀฀ ฀l฀a฀p฀t฀o฀p฀฀
฀c฀o฀m฀p฀u฀t฀e฀r฀s฀฀฀i฀n฀฀฀t฀h฀i฀s฀฀฀t฀y฀p฀i฀c฀a฀l฀,฀฀฀p฀r฀e฀-฀h฀e฀a฀r฀i฀n฀g฀฀฀a฀i฀d฀฀฀p฀o฀p฀u฀l฀a฀t฀i฀o฀n฀฀฀w฀a฀s฀฀฀h฀i฀g฀h฀,฀฀
฀e฀v฀e฀n฀฀฀t฀h฀o฀u฀g฀h฀฀฀o฀n฀l฀y฀฀฀o฀n฀e฀฀฀t฀h฀i฀r฀d฀฀฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀฀฀t฀h฀e฀y฀฀฀w฀e฀r฀e฀฀฀c฀o฀m฀p฀e฀t฀e฀n฀t฀฀฀P฀C฀฀





฀T฀h฀e฀฀ ฀a฀u฀t฀h฀o฀r฀s฀฀ ฀t฀h฀a฀n฀k฀฀ ฀M฀a฀r฀k฀฀ ฀E฀d฀m฀o฀n฀d฀s฀o฀n฀-฀J฀o฀n฀e฀s฀฀ ฀f฀o฀r฀฀ ฀h฀i฀s฀฀ ฀s฀t฀a฀t฀i฀s฀t฀i฀c฀a฀l฀฀ ฀a฀d฀v฀i฀c฀e฀,฀฀ ฀a฀n฀d฀฀
฀A฀l฀i฀s฀o฀n฀฀ ฀R฀i฀l฀e฀y฀฀ ฀a฀n฀d฀฀ ฀M฀e฀g฀฀ ฀W฀a฀d฀n฀e฀r฀k฀e฀r฀฀ ฀w฀h฀o฀฀ ฀h฀e฀l฀p฀e฀d฀฀ ฀w฀i฀t฀h฀฀ ฀t฀h฀e฀฀ ฀d฀a฀t฀a฀฀ ฀c฀o฀l฀l฀e฀c฀t฀i฀o฀n฀.฀฀
฀S฀p฀e฀c฀i฀a฀l฀฀฀t฀h฀a฀n฀k฀s฀฀฀t฀o฀฀฀t฀h฀e฀฀฀G฀e฀n฀e฀r฀a฀l฀฀฀P฀r฀a฀c฀t฀i฀c฀e฀s฀฀฀w฀h฀o฀฀฀h฀e฀l฀p฀e฀d฀฀฀t฀h฀e฀฀฀a฀u฀t฀h฀o฀r฀s฀฀฀r฀e฀c฀r฀u฀i฀t฀฀฀t฀h฀e฀฀
฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀ ฀(฀L฀e฀e฀n฀฀ ฀V฀i฀e฀w฀฀ ฀S฀u฀r฀g฀e฀r฀y฀,฀฀ ฀B฀u฀l฀w฀e฀l฀l฀;฀฀ ฀T฀o฀l฀k฀a฀r฀d฀฀ ฀H฀i฀l฀l฀฀ ฀M฀e฀d฀i฀c฀a฀l฀฀ ฀C฀e฀n฀t฀r฀e฀,฀฀
฀H฀u฀c฀k฀n฀a฀l฀l฀;฀฀฀W฀o฀l฀l฀a฀t฀o฀n฀฀฀V฀a฀l฀e฀฀ ฀H฀e฀a฀l฀t฀h฀฀ ฀C฀e฀n฀t฀r฀e฀,฀฀฀W฀o฀l฀l฀a฀t฀o฀n฀)฀,฀฀ ฀a฀n฀d฀฀ ฀i฀n฀a฀l฀l฀y฀฀ ฀t฀o฀฀ ฀t฀h฀e฀฀ ฀p฀a฀r-
฀t฀i฀c฀i฀p฀a฀n฀t฀s฀฀฀w฀h฀o฀฀฀g฀a฀v฀e฀฀฀t฀h฀e฀i฀r฀฀฀t฀i฀m฀e฀฀฀t฀o฀฀฀h฀e฀l฀p฀฀฀t฀h฀e฀฀฀a฀u฀t฀h฀o฀r฀s฀.
฀T฀h฀i฀s฀฀฀a฀r฀t฀i฀c฀l฀e฀฀฀p฀r฀e฀s฀e฀n฀t฀s฀฀฀i฀n฀d฀e฀p฀e฀n฀d฀e฀n฀t฀฀฀r฀e฀s฀e฀a฀r฀c฀h฀฀฀f฀u฀n฀d฀e฀d฀฀฀b฀y฀฀฀t฀h฀e฀฀฀N฀a฀t฀i฀o฀n฀a฀l฀฀฀I฀n฀s฀t฀i฀t฀u฀t฀e฀฀
฀f฀o฀r฀฀ ฀H฀e฀a฀l฀t฀h฀฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀฀ ฀(฀N฀I฀H฀R฀)฀฀ ฀B฀i฀o฀m฀e฀d฀i฀c฀a฀l฀฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀฀ ฀U฀n฀i฀t฀฀ ฀P฀r฀o฀g฀r฀a฀m฀m฀e฀.฀฀฀T฀h฀e฀฀
฀v฀i฀e฀w฀s฀฀ ฀e฀x฀p฀r฀e฀s฀s฀e฀d฀฀ ฀a฀r฀e฀฀ ฀t฀h฀o฀s฀e฀฀ ฀o฀f฀฀ ฀t฀h฀e฀฀ ฀a฀u฀t฀h฀o฀r฀s฀฀ ฀a฀n฀d฀฀ ฀n฀o฀t฀฀ ฀n฀e฀c฀e฀s฀s฀a฀r฀i฀l฀y฀฀ ฀t฀h฀o฀s฀e฀฀ ฀o฀f฀฀ ฀t฀h฀e฀฀
฀N฀a฀t฀i฀o฀n฀a฀l฀฀฀H฀e฀a฀l฀t฀h฀฀฀S฀e฀r฀v฀i฀c฀e฀,฀฀฀t฀h฀e฀฀฀N฀I฀H฀R฀฀฀o฀r฀฀฀t฀h฀e฀฀฀D฀e฀p฀a฀r฀t฀m฀e฀n฀t฀฀฀o฀f฀฀฀H฀e฀a฀l฀t฀h฀.
฀T฀h฀e฀฀฀a฀u฀t฀h฀o฀r฀s฀฀฀d฀e฀c฀l฀a฀r฀e฀฀฀n฀o฀฀฀o฀t฀h฀e฀r฀฀฀c฀o฀n฀l฀i฀c฀t฀฀฀o฀f฀฀฀i฀n฀t฀e฀r฀e฀s฀t฀.
฀A฀d฀d฀r฀e฀s฀s฀฀ ฀f฀o฀r฀฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀e฀n฀c฀e฀:฀฀ ฀M฀e฀l฀a฀n฀i฀e฀฀ ฀F฀e฀r฀g฀u฀s฀o฀n฀,฀฀ ฀N฀I฀H฀R฀฀ ฀N฀o฀t฀t฀i฀n฀g฀h฀a฀m฀฀




฀A฀l฀t฀m฀a฀n฀,฀฀ ฀D฀.฀฀ ฀(฀1฀9฀9฀1฀)฀.฀฀Practical Statistics for Medical Research฀.฀฀ ฀L฀o฀n฀d฀o฀n฀,฀฀
฀U฀n฀i฀t฀e฀d฀฀฀K฀i฀n฀g฀d฀o฀m฀:฀฀฀C฀h฀a฀p฀m฀a฀n฀฀฀&฀฀฀H฀a฀l฀l฀.




฀b฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀w฀i฀t฀h฀฀฀i฀d฀e฀n฀t฀i฀c฀a฀l฀฀฀s฀t฀i฀m฀u฀l฀i฀.฀฀Nat Neurosci, 9 ,฀ ฀1 4 4฀6฀–฀1฀4฀4฀8฀.
฀B฀a฀m฀f฀o฀r฀d฀,฀฀฀J฀.฀฀฀(฀1฀9฀8฀1฀)฀.฀฀฀A฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀.฀฀฀W฀h฀a฀t฀฀฀i฀s฀฀฀i฀t฀,฀฀฀w฀h฀a฀t฀฀฀i฀s฀฀฀i฀t฀฀฀s฀u฀p฀p฀o฀s฀e฀d฀฀฀t฀o฀฀฀d฀o฀,฀฀฀a฀n฀d฀฀
฀d฀o฀e฀s฀฀฀i฀t฀฀฀d฀o฀฀฀i฀t฀?฀฀Br J Audiol฀,฀฀15฀,฀฀฀7฀5฀–฀7฀8฀.
฀B฀o฀o฀t฀h฀r฀o฀y฀d฀,฀฀฀A฀.฀฀ ฀(฀2฀0฀1฀0฀)฀.฀฀฀A฀d฀a฀p฀t฀i฀n฀g฀฀฀t฀o฀฀ ฀c฀h฀a฀n฀g฀e฀d฀฀฀h฀e฀a฀r฀i฀n฀g฀:฀฀฀T฀h฀e฀฀฀p฀o฀t฀e฀n฀t฀i฀a฀l฀฀ ฀r฀o฀l฀e฀฀ ฀o฀f฀฀
฀f฀o฀r฀m฀a฀l฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀.฀฀J Am Acad Audiol฀,฀฀21฀,฀฀฀6฀0฀1฀–฀6฀1฀1฀.
฀B฀S฀A฀.฀฀ ฀(฀2฀0฀0฀4฀)฀.฀฀ ฀R฀e฀c฀o฀m฀m฀e฀n฀d฀e฀d฀฀ ฀p฀r฀o฀c฀e฀d฀u฀r฀e฀฀ ฀f฀o฀r฀฀ ฀p฀u฀r฀e฀฀ ฀t฀o฀n฀e฀฀ ฀a฀i฀r฀฀ ฀a฀n฀d฀฀ ฀b฀o฀n฀e฀฀ ฀c฀o฀n-
฀d฀u฀c฀t฀i฀o฀n฀฀฀t฀h฀r฀e฀s฀h฀o฀l฀d฀฀฀a฀u฀d฀i฀o฀m฀e฀t฀r฀y฀฀฀w฀i฀t฀h฀฀฀a฀n฀d฀฀฀w฀i฀t฀h฀o฀u฀t฀฀฀t฀h฀e฀฀฀u฀s฀e฀฀฀o฀f฀฀฀m฀a฀s฀k฀i฀n฀g฀฀฀a฀n฀d฀฀
฀d฀e฀t฀e฀r฀m฀i฀n฀a฀t฀i฀o฀n฀฀ ฀o฀f฀฀ ฀u฀n฀c฀o฀m฀f฀o฀r฀t฀a฀b฀l฀e฀฀ ฀l฀o฀u฀d฀n฀e฀s฀s฀฀ ฀l฀e฀v฀e฀l฀s฀.฀฀ ฀R฀e฀t฀r฀i฀e฀v฀e฀d฀฀ ฀f฀r฀o฀m฀฀ ฀h฀t฀t฀p฀:฀/฀/
฀w฀w฀w฀.฀t฀h฀e฀b฀s฀a฀.฀o฀r฀g฀.฀u฀k฀/฀d฀o฀c฀s฀/฀R฀e฀c฀P฀r฀o฀/฀P฀T฀A฀.฀p฀d฀f฀฀฀[฀s฀e฀r฀i฀a฀l฀฀฀o฀n฀l฀i฀n฀e฀]฀.฀฀
฀B฀u฀r฀k฀,฀฀฀M฀.฀฀฀H฀.฀,฀฀฀&฀฀฀H฀u฀m฀e฀s฀,฀฀฀L฀.฀฀฀E฀.฀฀฀(฀2฀0฀0฀8฀)฀.฀฀฀E฀f฀f฀e฀c฀t฀s฀฀฀o฀f฀฀฀l฀o฀n฀g฀-฀t฀e฀r฀m฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀o฀n฀฀฀a฀i฀d฀e฀d฀฀
฀s฀p฀e฀e฀c฀h฀-฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀฀฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀฀฀i฀n฀฀฀n฀o฀i฀s฀e฀฀฀i฀n฀฀฀o฀l฀d฀e฀r฀฀฀a฀d฀u฀l฀t฀s฀.฀฀J Speech Lang 
Hear Res฀,฀฀51฀,฀฀฀7฀5฀9฀–฀7฀7฀1฀.
฀B฀u฀r฀k฀,฀฀฀M฀.฀฀฀H฀.฀,฀฀฀H฀u฀m฀e฀s฀,฀฀฀L฀.฀฀฀E฀.฀,฀฀฀A฀m฀o฀s฀,฀฀฀N฀.฀฀฀E฀.฀,฀฀฀e฀t฀฀฀a฀l฀.฀฀฀(฀2฀0฀0฀6฀)฀.฀฀฀E฀f฀f฀e฀c฀t฀฀฀o฀f฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀o฀n฀฀
฀w฀o฀r฀d฀-฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀฀ ฀i฀n฀฀ ฀n฀o฀i฀s฀e฀฀ ฀f฀o฀r฀฀ ฀y฀o฀u฀n฀g฀฀ ฀n฀o฀r฀m฀a฀l฀-฀h฀e฀a฀r฀i฀n฀g฀฀ ฀a฀n฀d฀฀








฀p฀r฀o฀g฀r฀a฀m฀.฀฀J Consult Clin Psychol฀,฀฀59฀,฀฀฀3฀1฀8฀–฀3฀2฀4฀.






฀D฀e฀m฀a฀n฀y฀,฀฀ ฀L฀.฀,฀฀ ฀&฀฀ ฀S฀e฀m฀a฀l฀,฀฀ ฀C฀.฀฀ ฀(฀2฀0฀0฀2฀)฀.฀฀ ฀L฀e฀a฀r฀n฀i฀n฀g฀฀ ฀t฀o฀฀ ฀p฀e฀r฀c฀e฀i฀v฀e฀฀ ฀p฀i฀t฀c฀h฀฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀.฀฀
J Acoust Soc Am฀,฀฀108฀,฀฀฀2฀9฀6฀4฀–฀2฀9฀6฀8฀.
฀D฀i฀C฀l฀e฀m฀e฀n฀t฀e฀,฀฀ ฀C฀.฀฀ ฀C฀.฀,฀฀ ฀B฀e฀l฀l฀i฀n฀o฀,฀฀ ฀L฀.฀฀ ฀E฀.฀,฀฀ ฀N฀e฀a฀v฀i฀n฀s฀,฀฀฀T฀.฀฀ ฀M฀.฀฀ ฀(฀1฀9฀9฀9฀)฀.฀฀ ฀M฀o฀t฀i฀v฀a฀t฀i฀o฀n฀฀ ฀f฀o฀r฀฀
฀c฀h฀a฀n฀g฀e฀฀฀a฀n฀d฀฀฀a฀l฀c฀o฀h฀o฀l฀i฀s฀m฀฀฀t฀r฀e฀a฀t฀m฀e฀n฀t฀.฀฀Alcohol Res Heal h ,฀฀23฀,฀฀฀8฀6฀–฀9฀2฀.
฀D฀i฀C฀l฀e฀m฀e฀n฀t฀e฀,฀฀฀C฀.฀,฀฀฀&฀฀฀P฀r฀o฀c฀h฀a฀s฀k฀a฀,฀฀฀J฀.฀฀฀(฀1฀9฀9฀8฀)฀.฀฀฀T฀o฀w฀a฀r฀d฀s฀฀฀a฀฀฀c฀o฀m฀p฀r฀e฀h฀e฀n฀s฀i฀v฀e฀,฀฀฀t฀r฀a฀n฀s-






฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀฀฀w฀i฀t฀h฀฀฀a฀d฀v฀a฀n฀c฀e฀d฀฀฀s฀p฀e฀e฀c฀h฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀p฀r฀o฀c฀e฀d฀u฀r฀e฀s฀.฀฀He r Res฀, ฀242฀, ฀
฀1฀9฀8฀–฀2฀0฀8฀.
฀F฀u฀,฀฀฀Q฀.฀฀฀J฀.฀,฀฀฀G฀a฀l฀v฀i฀n฀,฀฀฀J฀.฀,฀฀฀W฀a฀n฀g฀,฀฀฀X฀.฀,฀฀฀e฀t฀฀฀a฀l฀.฀฀฀(฀2฀0฀0฀4฀)฀.฀฀฀E฀f฀f฀e฀c฀t฀s฀฀฀o฀f฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀o฀n฀฀















฀H฀e฀n฀d฀e฀r฀s฀o฀n฀฀ ฀S฀a฀b฀e฀s฀,฀฀ ฀J฀.฀,฀฀ ฀&฀฀ ฀S฀w฀e฀e฀t฀o฀w฀,฀฀ ฀R฀.฀฀฀W฀.฀฀ ฀(฀2฀0฀0฀7฀)฀.฀฀฀V฀a฀r฀i฀a฀b฀l฀e฀s฀฀ ฀p฀r฀e฀d฀i฀c฀t฀i฀n฀g฀฀ ฀o฀u฀t-
฀c฀o฀m฀e s ฀฀o฀n฀ ฀l฀i฀s฀t e n i฀n g฀฀ ฀a฀n฀d฀฀ ฀c฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀฀ ฀e฀n฀h฀a฀n฀c฀e฀m฀e฀n฀t฀฀ ฀(฀L฀A฀C฀E฀)฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀.฀฀
Int J Audiol฀,฀฀46 , ฀ 3 7 4 – 3฀8 3฀.
H฀e฀n฀s฀h฀a w฀,฀฀฀H .฀,฀฀฀C฀l a r฀k฀,฀฀฀D฀.฀,฀฀฀K฀a฀n฀g฀,฀฀฀S฀.฀,฀฀฀e฀t฀฀฀a฀l฀.฀฀฀(฀2฀0฀1฀2฀a฀)฀.฀฀฀C฀o฀m฀p฀u฀t฀e฀r฀฀฀s฀k฀i฀l฀l฀฀฀a฀n฀d฀฀฀i฀n฀t฀e฀r฀n฀e฀t฀฀
฀u฀s฀e฀฀฀i฀n฀฀฀a฀d฀u฀l฀t฀s฀฀฀a฀g฀e฀d฀฀฀5฀0฀–฀7฀4฀฀฀y฀e฀a฀r฀s฀:฀฀฀I฀n฀l฀u฀e฀n฀c฀e฀฀฀o฀f฀฀฀h฀e฀a฀r฀i฀n฀g฀฀฀d฀i฀f฀i฀c฀u฀l฀t฀i฀e฀s฀.฀฀J Inter-
net Med Res฀,฀฀14฀,฀฀฀e฀1฀1฀3฀.
฀H฀e฀n฀s฀h฀a฀w฀,฀฀ ฀H฀.฀,฀฀ ฀&฀฀ ฀F฀e฀r฀g฀u฀s฀o฀n฀,฀฀ ฀M฀.฀฀ ฀A฀.฀฀ ฀(฀2฀0฀1฀3฀a฀)฀.฀฀ ฀E฀f฀i฀c฀a฀c฀y฀฀ ฀o฀f฀฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀฀
฀฀c฀o฀m฀p฀u฀t฀e฀r฀-฀b฀a฀s฀e฀d฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀f฀o฀r฀฀ ฀p฀e฀o฀p฀l฀e฀฀ ฀w฀i฀t฀h฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀l฀o฀s฀s฀:฀฀฀A฀฀ ฀s฀y฀s-
฀t฀e฀m฀a฀t฀i฀c฀฀฀r฀e฀v฀i฀e฀w฀฀฀o฀f฀฀฀t฀h฀e฀฀฀e฀v฀i฀d฀e฀n฀c฀e฀.฀฀PLoS One฀,฀8฀, ฀฀e฀6 2฀8฀3฀6฀.
฀H฀e฀n฀s฀h฀a฀w฀,฀฀ ฀H฀.฀,฀฀ ฀&฀฀ ฀F฀e฀r฀g฀u฀s฀o฀n฀,฀฀ ฀M฀.฀฀฀A฀.฀฀ ฀(฀2฀0฀1฀3฀b฀)฀.฀฀ ฀W฀o฀r฀k฀i฀n฀g฀฀ ฀m฀e฀m฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀f฀o฀r฀฀
฀a฀d฀u฀l฀t฀฀ ฀h฀e฀a฀r฀i฀n฀g฀฀ ฀a฀i฀d฀฀ ฀u฀s฀e฀r฀s฀:฀฀ ฀s฀t฀u฀d฀y฀฀ ฀p฀r฀o฀t฀o฀c฀o฀l฀฀ ฀f฀o฀r฀฀ ฀a฀฀ ฀d฀o฀u฀b฀l฀e฀-฀b฀l฀i฀n฀d฀฀ ฀r฀a฀n฀d฀o฀m฀i฀z฀e฀d฀฀
฀a฀c฀t฀i฀v฀e฀฀฀c฀o฀n฀t฀r฀o฀l฀l฀e฀d฀฀฀t฀r฀i฀a฀l฀.฀฀Trials , ฀47฀,฀฀฀4฀1฀7฀.
฀H e n฀s฀h฀a฀w ,฀฀฀H .฀,฀฀ M฀c฀C฀o r฀m฀a฀c฀k฀,฀฀฀A฀.฀,฀฀฀F฀e฀r฀g฀u฀s฀o฀n฀,฀฀฀M฀.฀฀฀A฀.฀฀฀(฀2฀0฀1฀2฀b฀)฀.฀฀฀A฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀:฀฀
E฀x p฀l o r฀i฀n฀g฀฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀฀ ฀m฀o฀t฀i฀v฀a฀t฀i฀o฀n฀s฀,฀฀ ฀e฀n฀g฀a฀g฀e฀m฀e฀n฀t฀฀ ฀a฀n฀d฀฀ ฀c฀o฀m฀p฀l฀i฀a฀n฀c฀e฀.฀฀Int J 
Audiol฀,฀฀51฀,฀฀฀2฀6฀3฀–฀2฀6฀4฀.
฀H฀u฀m฀e฀s฀, L฀.฀฀ E฀. , ฀฀B฀u฀r฀k฀, ฀฀M฀. ฀฀H฀.฀,฀฀฀S฀t฀r฀a฀u฀s฀e฀r฀,฀฀฀L฀.฀฀฀E฀.฀,฀฀฀e฀t฀฀฀a฀l฀.฀฀฀(฀2฀0฀0฀9฀)฀.฀฀฀D฀e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀฀฀a฀n฀d฀฀
฀e฀f฀i฀c฀a฀c฀y฀฀ ฀o฀f฀฀ ฀a฀฀ ฀f฀r฀e฀q฀u฀e฀n฀t฀-฀w฀o฀r฀d฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀p฀r฀o฀t฀o฀c฀o฀l฀฀ ฀f฀o฀r฀฀ ฀o฀l฀d฀e฀r฀฀ ฀a฀d฀u฀l฀t฀s฀฀
฀w i฀t฀h ฀฀i฀m a฀i฀r฀e฀d฀฀฀h฀e a r฀i฀n฀g฀. ฀Ear Hear, 30฀,฀฀฀6฀1฀3฀–฀6฀2฀7฀.
฀I฀n฀g฀v฀a฀l฀s฀o฀n฀,฀฀฀E฀.฀฀฀M฀.฀,฀฀฀L฀e฀e฀,฀฀฀B฀.฀,฀฀฀F฀i฀e฀b฀i฀g฀,฀฀฀P฀.฀,฀฀฀e฀t฀฀฀a฀l฀.฀฀฀(฀2฀0฀1฀3฀)฀.฀฀฀T฀h฀e฀฀฀e฀f฀f฀e฀c฀t฀s฀฀฀o฀f฀฀฀s฀h฀o฀r฀t฀-฀t฀e฀r฀m฀฀
฀c฀o฀m p฀u฀t e฀r i฀z e฀d฀฀ s฀p฀e฀ ฀c h - i฀n฀-฀n฀o฀i฀s฀e฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀o฀n฀฀ ฀p฀o฀s฀t฀l฀i฀n฀g฀u฀a฀l฀l฀y฀฀ ฀d฀e฀a฀f฀e฀n฀e฀d฀฀ ฀a฀d฀u฀l฀t฀฀
฀c฀o฀c฀h฀l฀e฀a฀r฀฀฀i฀m฀p฀l฀a฀n฀t฀฀฀r฀e฀c฀i฀p฀i฀e฀n฀t฀s฀.฀฀J Speech Lang Hear Res฀,฀฀56฀,฀฀฀8฀1฀–฀8฀8฀.
฀K฀i e฀s฀s฀l฀i฀n฀g฀, J฀.฀,฀฀ P฀i h o฀r฀a฀-฀F฀u฀l฀l฀e฀r฀,฀฀ ฀M฀.฀฀ ฀K฀.฀,฀฀ ฀G฀a฀t฀e฀h฀o฀u฀s฀e฀,฀฀ ฀S฀.฀,฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀(฀2฀0฀0฀3฀)฀.฀฀ ฀C฀a฀n฀d฀i-
฀d฀a฀t฀u r฀e฀฀฀f฀o฀r฀ ฀a฀n฀d฀฀฀d฀e฀l฀i฀v฀e฀r฀y฀฀฀o฀f฀฀฀a฀u฀d฀i฀o฀l฀o฀g฀i฀c฀a฀l฀฀฀s฀e฀r฀v฀i฀c฀e฀s฀:฀฀฀S฀p฀e฀c฀i฀a฀l฀฀฀n฀e฀e฀d฀s฀฀฀o฀f฀฀฀o฀l฀d฀e฀r฀฀
p฀e฀o p l฀e฀.฀฀Int J Audi l฀,฀42 ฀฀S฀u฀p฀p l฀฀฀2฀,฀฀฀2฀S฀9฀2฀–฀2฀1฀0฀1฀.
K฀r฀o฀n฀e฀n฀b฀e฀r฀g฀e฀r฀,฀฀ ฀W฀.฀฀ ฀G฀.฀,฀฀ ฀P฀i฀s฀o฀n฀i฀,฀฀ ฀D฀.฀฀ ฀B฀.฀,฀฀ ฀H฀e฀n฀n฀i฀n฀g฀,฀฀ ฀S฀.฀฀ ฀C฀.฀,฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀(฀2฀0฀1฀1฀)฀.฀฀ ฀W฀o฀r฀k-
i n g฀฀฀m฀e฀m฀o฀r฀y฀ ฀t r฀a i฀n฀i n฀g฀฀ f฀o฀r฀฀฀c฀h฀i฀l฀d฀r฀e฀n฀฀฀w฀i฀t฀h฀฀฀c฀o฀c฀h฀l฀e฀a฀r฀฀฀i฀m฀p฀l฀a฀n฀t฀s฀:฀฀฀A฀฀฀p฀i฀l฀o฀t฀฀฀s฀t฀u฀d฀y฀.฀฀
J Speech Lang Hear Res฀,฀฀54฀,฀฀฀1฀1฀8฀2฀–฀1฀1฀9฀6฀.
฀L฀e฀v฀i฀,฀฀฀D฀.฀฀฀M฀.฀฀฀(฀2฀0฀1฀2฀)฀.฀฀฀P฀r฀e฀n฀t฀i฀c฀e฀฀฀a฀w฀a฀r฀d฀฀฀l฀e฀c฀t฀u฀r฀e฀฀฀2฀0฀1฀1฀:฀฀฀R฀e฀m฀o฀v฀i฀n฀g฀฀฀t฀h฀e฀฀฀b฀r฀a฀k฀e฀s฀฀฀o฀n฀฀
p฀l a฀s฀t฀i฀c฀i y฀฀ i n฀฀฀t฀h฀e฀฀ a฀m฀b l฀y฀o฀p฀i฀c฀฀฀b฀r฀a฀i฀n฀.฀฀Opt m Vis Sci฀,฀฀89฀,฀฀฀8฀2฀7฀–฀8฀3฀8฀.
฀M฀a฀c L฀e o d฀,฀฀฀A฀. ,฀฀฀&฀฀฀S u฀m฀m฀e฀r฀i฀e฀l฀d฀,฀฀฀Q฀.฀฀฀(฀1฀9฀9฀0฀)฀.฀฀฀A฀฀฀p฀r฀o฀c฀e฀d฀u฀r฀e฀฀฀f฀o฀r฀฀฀m฀e฀a฀s฀u฀r฀i฀n฀g฀฀฀a฀u฀d฀i-
฀t฀o฀r฀y฀฀฀a฀n฀d฀฀฀a฀u฀d฀i฀o฀-฀v฀i฀s฀u฀a฀l฀฀฀s฀p฀e฀e฀c฀h฀-฀r฀e฀c฀e฀p฀t฀i฀o฀n฀฀฀t฀h฀r฀e฀s฀h฀o฀l฀d฀s฀฀฀f฀o฀r฀฀฀s฀e฀n฀t฀e฀n฀c฀e฀s฀฀฀i฀n฀฀฀n฀o฀i฀s฀e฀:฀฀
R a฀t฀i o฀n฀a฀l฀e฀,฀฀ ฀e฀v a฀l฀u฀a฀t฀i฀o฀n฀,฀฀ ฀a฀n฀d฀฀ ฀r฀e฀c฀o฀m฀m฀e฀n฀d฀a฀t฀i฀o฀n฀s฀฀ ฀f฀o฀r฀฀ ฀u฀s฀e฀.฀฀Br J Audiol฀,฀฀24 ,฀
฀2 9฀–฀4 3฀.
฀M฀a฀h฀n฀c฀k฀e฀,฀฀ ฀H฀.฀฀ ฀W฀.฀,฀฀ ฀C฀o฀n฀n฀o฀r฀,฀฀ ฀B฀.฀฀ ฀B฀.฀,฀฀ ฀A฀p฀p฀e฀l฀m฀a฀n฀,฀฀ ฀J฀.฀,฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀(฀2฀0฀0฀6฀)฀.฀฀ ฀M฀e฀m฀o฀r฀y฀฀
฀e฀n฀h฀a฀n฀c฀e฀m฀e฀n฀t฀฀฀i฀n฀฀฀h฀e฀a฀l฀t฀h฀y฀฀฀o฀l฀d฀e฀r฀฀฀a฀d฀u฀l฀t฀s฀฀฀u฀s฀i฀n฀g฀฀฀a฀฀฀b฀r฀a฀i฀n฀฀฀p฀l฀a฀s฀t฀i฀c฀i฀t฀y฀-฀b฀a฀s฀e฀d฀฀฀t฀r฀a฀i฀n-
฀i฀n฀g฀ ฀p฀r฀o฀g฀r฀a฀m฀:฀฀฀A฀฀฀r฀a฀n฀d฀o฀m฀i฀z฀e฀d฀,฀฀฀c฀o฀n฀t฀r฀o฀l฀l฀e฀d฀฀฀s฀t฀u฀d฀y฀.฀฀Pr c Natl Acad Sci U S A ,
103฀,฀฀฀1฀2฀5฀2 3 – 1฀2฀5฀2฀8฀.
M฀c฀A฀r t฀h฀u฀r฀,฀฀฀G฀.฀฀ (฀2฀0฀0฀7฀)฀.฀฀฀T฀e s฀t฀-฀r฀e฀t฀e฀s฀t฀฀฀e฀f฀f฀e฀c฀t฀s฀฀฀i฀n฀฀฀t฀r฀e฀a฀t฀m฀e฀n฀t฀฀฀s฀t฀u฀d฀i฀e฀s฀฀฀o฀f฀฀฀r฀e฀a฀d฀i฀n฀g฀฀฀d฀i฀s-
฀a฀b฀i฀l฀i฀t฀y฀:฀฀฀T฀h฀e฀฀฀d฀e฀v฀i฀l฀฀฀i฀s฀฀฀i฀n฀฀฀t฀h฀e฀฀฀d฀e฀t฀a฀i฀l฀.฀฀Dyslexia฀,13฀,฀฀ 2฀4฀0 – 2฀5฀2฀.
฀M฀i฀l฀l e r฀,฀฀฀J฀. ฀฀D฀.฀,฀฀฀W฀a฀t฀s฀o฀n฀,฀฀฀C฀.฀฀฀S฀.฀,฀฀฀K฀i฀s฀t฀l฀e฀r฀,฀฀฀D฀.฀฀฀J฀.฀,฀฀฀e฀t฀฀฀a฀l฀.฀฀฀(฀2฀0฀0฀8฀)฀.฀฀฀P฀r฀e฀l฀i฀m฀i฀n฀a฀r฀y฀฀฀e฀v฀a฀l฀u-
a t฀i฀o n฀฀฀o฀f ฀฀t h฀e฀฀฀s฀p฀e฀ ฀c฀h ฀ p฀e r฀c฀e฀p฀t฀i฀o฀n฀฀฀a฀s฀s฀e฀s฀s฀m฀e฀n฀t฀฀฀a฀n฀d฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀s฀y฀s฀t฀e฀m฀฀฀(฀S฀P฀A฀T฀S฀)฀฀
฀w฀i฀t฀h฀฀฀h฀e฀a฀r฀i฀n฀g฀-฀a฀i฀d฀฀฀a฀n฀d฀฀฀c฀o฀c฀h฀l฀e฀a฀r฀-฀i฀m฀p฀l฀a฀n฀t฀฀฀u฀s฀e฀r฀s฀.฀฀Proc Meet Acoust฀,฀฀2฀,฀฀ 1฀–฀9฀.
฀M i฀l฀l w฀a฀r฀d ,฀ ฀K฀. ฀ E฀.฀,฀฀ H฀a฀l l ,฀฀ ฀R฀.฀฀ ฀L฀.฀,฀฀ ฀F฀e฀r฀g฀u฀s฀o฀n฀,฀฀ ฀M฀.฀฀ ฀A฀.฀,฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀(฀2฀0฀1฀1฀)฀.฀฀ ฀T฀r฀a฀i฀n฀i฀n฀g฀฀






฀M฀o฀o฀r฀e฀,฀฀ ฀D฀.฀฀ ฀R฀.฀,฀฀ ฀F฀e฀r฀g฀u฀s฀o฀n฀,฀฀ ฀M฀.฀฀ ฀A฀.฀,฀฀ ฀E฀d฀m฀o฀n฀d฀s฀o฀n฀-฀J฀o฀n฀e฀s฀,฀฀ ฀A฀.฀฀ ฀M฀.฀,฀฀ ฀e฀t฀฀ ฀a฀l฀.฀฀ ฀(฀2฀0฀1฀0฀)฀.฀฀
฀N฀a฀t฀u฀r฀e฀฀ ฀o฀f฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀p฀r฀o฀c฀e฀s฀s฀i฀n฀g฀฀ ฀d฀i฀s฀o฀r฀d฀e฀r฀฀ ฀i฀n฀฀ ฀c฀h฀i฀l฀d฀r฀e฀n฀.฀฀Pediatrics฀,฀฀126฀,฀฀
฀e฀3฀8฀2฀–฀e฀3฀9฀0฀.
฀M฀o฀o฀r฀e฀,฀฀฀D฀.฀฀฀R฀.฀,฀฀฀H฀a฀l฀l฀i฀d฀a฀y฀,฀฀฀L฀.฀฀฀F฀.฀,฀฀฀A฀m฀i฀t฀a฀y฀,฀฀฀S฀.฀฀฀(฀2฀0฀0฀9฀)฀.฀฀฀U฀s฀e฀฀฀o฀f฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀l฀e฀a฀r฀n฀i฀n฀g฀฀฀t฀o฀฀
฀m฀a฀n฀a฀g฀e฀฀฀l฀i฀s฀t฀e฀n฀i฀n฀g฀฀฀p฀r฀o฀b฀l฀e฀m฀s฀฀฀i฀n฀฀฀c฀h฀i฀l฀d฀r฀e฀n฀.฀฀Philos Trans R Soc Lond B Biol 
Sci฀,฀฀364฀,฀฀฀4฀0฀9฀–฀4฀2฀0฀.
฀M฀o฀o฀r฀e฀,฀฀฀D฀.฀฀฀R฀.฀,฀฀฀R฀o฀s฀e฀n฀b฀e฀r฀g฀,฀฀฀J฀.฀฀฀F฀.฀,฀฀฀C฀o฀l฀e฀m฀a฀n฀,฀฀฀J฀.฀฀฀S฀.฀฀฀(฀2฀0฀0฀5฀)฀.฀฀฀D฀i฀s฀c฀r฀i฀m฀i฀n฀a฀t฀i฀o฀n฀฀฀t฀r฀a฀i฀n-
฀i฀n฀g฀฀ ฀o฀f฀฀ ฀p฀h฀o฀n฀e฀m฀i฀c฀฀ ฀c฀o฀n฀t฀r฀a฀s฀t฀s฀฀ ฀e฀n฀h฀a฀n฀c฀e฀s฀฀ ฀p฀h฀o฀n฀o฀l฀o฀g฀i฀c฀a฀l฀฀ ฀p฀r฀o฀c฀e฀s฀s฀i฀n฀g฀฀ ฀i฀n฀฀ ฀m฀a฀i฀n-
฀s฀t฀r฀e฀a฀m฀฀฀s฀c฀h฀o฀o฀l฀฀฀c฀h฀i฀l฀d฀r฀e฀n฀.฀฀Bra n Lang฀, ฀94฀,฀฀฀7฀2฀–฀8฀5฀.
฀N฀o฀b฀l฀e฀,฀฀฀M฀.฀,฀฀฀M฀c฀L฀e฀n฀n฀a฀n฀,฀฀฀D฀.฀,฀฀฀W฀i฀l฀k฀i฀n฀s฀o฀n฀,฀฀฀K฀.฀,฀฀฀e฀t฀฀฀a฀l฀.฀฀฀(฀2฀0฀0฀8฀)฀.฀฀฀T฀h฀e฀฀฀E฀n฀g฀l฀i฀s฀h฀฀฀i฀n฀d฀i฀c฀e฀s฀฀
฀o฀f฀฀ ฀m฀u฀l฀t฀i฀p฀l฀e฀฀ ฀d฀e฀p฀r฀i฀v฀a฀t฀i฀o฀n฀฀ ฀2฀0฀0฀7฀.฀฀ ฀R฀e฀t฀r฀i฀e฀v฀e฀d฀฀ ฀f฀r฀o฀m฀฀ ฀h฀t฀t฀p฀:฀/฀/฀w฀w฀w฀.฀c฀o฀m฀m฀u฀n฀i฀t฀i฀e฀s฀.




฀a฀d฀u฀l฀t฀s฀:฀฀฀A฀฀฀r฀a฀n฀d฀o฀m฀i฀z฀e฀d฀฀฀c฀o฀n฀t฀r฀o฀l฀l฀e฀d฀฀฀t฀r฀i฀a฀l฀.฀฀PLoS One฀, ฀8฀, ฀e฀5 5 5฀1฀8฀.
฀O฀b฀a฀,฀฀ ฀S฀.฀฀ ฀I฀.฀,฀฀ ฀F฀u฀,฀฀ ฀Q฀.฀฀ ฀J฀.฀,฀฀ ฀G฀a฀l฀v฀i฀n฀,฀฀ ฀J฀.฀฀ ฀J฀.฀,฀฀ ฀I฀I฀I฀.฀฀ ฀(฀2฀0฀1฀1฀)฀.฀฀ ฀D฀i฀g฀i฀t฀฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀฀ ฀i฀n฀฀ ฀n฀o฀i฀s฀e฀฀ ฀c฀a฀n฀฀
฀i฀m฀p฀r฀o฀v฀e฀฀ ฀c฀o฀c฀h฀l฀e฀a฀r฀฀ ฀i฀m฀p฀l฀a฀n฀t฀฀ ฀u฀s฀e฀r฀s฀’฀฀ ฀s฀p฀e฀e฀c฀h฀฀ ฀u฀n฀d฀e฀r฀s฀t฀a฀n฀d฀i฀n฀g฀฀ ฀i฀n฀฀ ฀n฀o฀i฀s฀e฀.฀฀
Ear Hear, 32฀,฀฀฀5฀7฀3฀–฀5฀8฀1฀.
฀O฀w฀e฀n฀,฀฀฀A฀.฀฀฀M฀.฀,฀฀฀H฀a฀m฀p฀s฀h฀i฀r฀e฀,฀฀฀A฀.฀,฀฀฀G฀r฀a฀h฀n฀,฀฀฀J฀.฀฀฀A฀.฀,฀฀฀e฀t฀฀฀a฀l฀.฀฀฀(฀2฀0฀1฀0฀)฀.฀฀฀P฀u฀t฀t฀i฀n฀g฀฀฀b฀r฀a฀i฀n฀฀฀t฀r฀a฀i฀n-
฀i฀n฀g฀฀฀t฀o฀฀฀t฀h฀e฀฀฀t฀e฀s฀t฀.฀฀Na ure , ฀465฀,฀฀฀7฀7฀5฀–฀7฀7฀8฀.
฀R฀e฀c฀a฀n฀z฀o฀n฀e฀,฀฀฀G฀.฀฀฀H฀.฀,฀฀฀S฀c฀h฀r฀e฀i฀n฀e฀r฀,฀฀฀C฀.฀฀฀E฀.฀,฀฀฀M฀e฀r฀z฀e฀n฀i฀c฀h฀,฀฀฀M฀.฀฀฀M฀.฀฀฀(฀1฀9฀9฀3฀)฀.฀฀฀P฀l฀a฀s฀t฀i฀c฀i฀t฀y฀฀฀i฀n฀฀
฀t฀h฀e฀฀ ฀f฀r฀e฀q฀u฀e฀n฀c฀y฀฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀a฀t฀i฀o฀n฀฀ ฀o฀f฀฀ ฀p฀r฀i฀m฀a฀r฀y฀฀ ฀a฀u฀d฀i฀t฀o฀r฀y฀฀ ฀c฀o฀r฀t฀e฀x฀฀ ฀f฀o฀l฀l฀o฀w฀i฀n฀g฀฀ ฀d฀i฀s-
฀c฀r฀i฀m฀i฀n฀a฀t฀i฀o฀n฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀i฀n฀฀฀a฀d฀u฀l฀t฀฀฀o฀w฀l฀฀฀m฀o฀n฀k฀e฀y฀s฀.฀฀J Neurosci, 13฀, ฀฀8฀7฀–฀1 0 3฀.











฀m฀e฀n฀t฀฀ ฀i฀n฀฀ ฀M฀e฀m฀o฀r฀y฀฀ ฀w฀i฀t฀h฀฀ ฀P฀l฀a฀s฀t฀i฀c฀i฀t฀y฀-฀b฀a฀s฀e฀d฀฀ ฀A฀d฀a฀p฀t฀i฀v฀e฀฀ ฀C฀o฀g฀n฀i฀t฀i฀v฀e฀฀ ฀T฀r฀a฀i฀n฀i฀n฀g฀฀
฀(฀I฀M฀P฀A฀C฀T฀)฀฀฀s฀t฀u฀d฀y฀.฀฀J Am Geriatr Soc฀,฀฀57฀,฀฀฀5฀9฀4฀–฀6฀0฀3฀.
฀S฀m฀i฀t฀s฀,฀฀฀C฀.฀,฀฀฀&฀฀฀H฀o฀u฀t฀g฀a฀s฀t฀,฀฀฀T฀.฀฀฀(฀2฀0฀0฀5฀)฀.฀฀฀R฀e฀s฀u฀l฀t฀s฀฀฀f฀r฀o฀m฀฀฀t฀h฀e฀฀฀D฀u฀t฀c฀h฀฀฀s฀p฀e฀e฀c฀h฀-฀i฀n฀-฀n฀o฀i฀s฀e฀฀
฀s฀c฀r฀e฀e฀n฀i฀n฀g฀฀฀t฀e฀s฀t฀฀฀b฀y฀฀฀t฀e฀l฀e฀p฀h฀o฀n฀e฀.฀฀Ear Hear, 26฀,฀฀ 8 9฀–฀9฀5฀.
฀S฀m฀i฀t฀s฀,฀฀฀C฀.฀,฀฀฀K฀a฀p฀t฀e฀y฀n฀,฀฀฀T฀.฀฀฀S฀.฀,฀฀฀H฀o฀u฀t฀g฀a฀s฀t฀,฀฀฀T฀.฀฀฀(฀2฀0฀0฀4฀)฀.฀฀฀D฀e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀฀฀a฀n฀d฀฀฀v฀a฀l฀i฀d฀a฀t฀i฀o฀n฀฀
฀o฀f฀฀฀a฀n฀฀฀a฀u฀t฀o฀m฀a฀t฀i฀c฀฀฀s฀p฀e฀e฀c฀h฀-฀i฀n฀-฀n฀o฀i฀s฀e฀฀฀s฀c฀r฀e฀e฀n฀i฀n฀g฀฀฀t฀e฀s฀t฀฀฀b฀y฀฀฀t฀e฀l฀e฀p฀h฀o฀n฀e฀.฀฀I t J Audiol ,฀฀
43฀,฀฀฀1฀5฀–฀2฀8฀.
฀S฀t฀a฀c฀e฀y฀,฀฀ P฀.฀฀ C฀.฀,฀฀ R฀a฀i฀n฀e฀,฀฀฀C฀.฀฀฀H฀.฀,฀฀฀O฀’฀D฀o฀n฀o฀g฀h฀u฀e฀,฀฀฀G฀.฀฀฀M฀.฀,฀฀฀e฀t฀฀฀a฀l฀.฀฀฀(฀2฀0฀1฀0฀)฀.฀฀฀E฀f฀f฀e฀c฀t฀i฀v฀e฀n฀e฀s฀s฀฀
฀o฀f ฀c฀o฀m p฀u฀t e r฀- b a฀s d ฀ a u d i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀f฀o฀r฀฀฀a฀d฀u฀l฀t฀฀฀u฀s฀e฀r฀s฀฀฀o฀f฀฀฀c฀o฀c฀h฀l฀e฀a฀r฀฀฀i฀m฀p฀l฀a฀n฀t฀s฀.฀฀
Int J Audiol฀,฀฀49฀,฀฀฀3฀4฀7฀–฀3฀5฀6฀.
฀S฀t฀e฀c฀k฀e r ,฀฀฀G฀. ฀฀C฀. , ฀ B฀o฀w฀m a n฀,฀฀฀G฀.฀฀฀A฀.฀,฀฀฀Y฀u฀n฀d฀,฀฀฀E฀.฀฀฀W฀.฀,฀฀฀e฀t฀฀฀a฀l฀.฀฀฀(฀2฀0฀0฀6฀)฀.฀฀฀P฀e฀r฀c฀e฀p฀t฀u฀a฀l฀฀฀t฀r฀a฀i฀n-
฀i฀n฀g฀฀฀i฀m฀p฀r฀o฀v฀e฀s฀฀฀s฀y฀l฀l฀a฀b฀l฀e฀฀฀i฀d฀e฀n฀t฀i฀i฀c฀a฀t฀i฀o฀n฀฀฀i฀n฀฀฀n฀e฀w฀฀฀a฀n฀d฀฀฀e฀x฀p฀e฀r฀i฀e฀n฀c฀e฀d฀฀฀h฀e฀a฀r฀i฀n฀g฀฀฀a฀i฀d฀฀
฀u฀s฀e฀r฀s฀.฀฀J Rehabil Res Dev฀,฀฀43฀,฀฀฀5฀3฀7฀–฀5฀5฀2฀.
฀S฀w฀e e฀t฀o w฀,฀฀฀R฀.฀,฀ ฀& ฀฀P฀ ฀l฀m e฀r฀,฀฀ C฀.฀฀ V฀.฀฀฀(฀2฀0฀0฀5฀)฀.฀฀฀E฀f฀i฀c฀a฀c฀y฀฀฀o฀f฀฀฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀฀฀a฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀i฀n฀฀
฀a฀d฀u฀l฀t฀s฀:฀฀฀A฀฀฀s฀y฀s฀t฀e฀m฀a฀t฀i฀c฀฀฀r฀e฀v฀i฀e฀w฀฀฀o฀f฀฀฀t฀h฀e฀฀฀e฀v฀i฀d฀e฀n฀c฀e฀.฀฀J Am Acad Audiol฀,฀16 ,฀ ฀4฀9฀4฀–฀5฀0฀4฀.
฀S฀w฀e฀e฀t฀o฀w฀,฀฀ ฀R฀.฀฀ ฀W฀.฀,฀฀ ฀&฀฀ ฀H฀e฀n฀d฀e฀r฀s฀o฀n฀฀ ฀S฀a฀b฀e฀s฀,฀฀ ฀J฀.฀฀ ฀(฀2฀0฀0฀6฀)฀.฀฀฀T฀h฀e฀฀ ฀n฀e฀e฀d฀฀ ฀f฀o฀r฀฀ ฀a฀n฀d฀฀ ฀d฀e฀v฀e฀l-
฀o p฀m฀e฀n t฀฀ ฀o฀f฀฀ ฀ ฀n฀฀ ฀a฀d a p฀t v฀e฀฀ ฀L฀i฀s฀t฀e฀n฀i฀n฀g฀฀ ฀a฀n฀d฀฀ ฀C฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀฀ ฀E฀n฀h฀a฀n฀c฀e฀m฀e฀n฀t฀฀
฀(฀L฀A฀C฀E฀)฀ ฀P฀r฀o฀g฀r a฀m฀.฀฀J Am Acad Audiol฀,฀฀17฀,฀฀฀5฀3฀8฀–฀5฀5฀8฀.
฀S฀w฀e฀e฀t฀o฀w฀,฀฀฀R฀.฀฀฀W฀.฀,฀฀฀&฀฀฀H฀e฀n฀d฀e฀r฀s฀o฀n฀฀฀S฀a฀b฀e฀s฀,฀฀฀J฀.฀฀฀(฀2฀0฀1฀0฀)฀.฀฀฀A฀u฀d฀i฀t฀o฀r฀y฀฀฀t฀r฀a฀i฀n฀i฀n฀g฀฀฀a฀n฀d฀฀฀c฀h฀a฀l-
฀l฀e฀n฀g e s ฀ a฀s฀s฀o฀c i฀a฀t e฀d฀฀ ฀w฀i t฀h฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀t฀i฀o฀n฀฀ ฀a฀n฀d฀฀ ฀c฀o฀m฀p฀l฀i฀a฀n฀c฀e฀.฀฀J Am Acad Audiol ,฀
21฀,฀฀฀5฀8฀6฀–฀5฀9฀3฀.
T฀a฀l฀l฀ ฀l฀,฀ ฀P฀.฀,฀ ฀M฀i l l e฀r฀, ฀฀S฀.฀฀฀L฀.฀,฀฀฀B฀e฀d฀i฀,฀฀฀G฀.฀,฀฀฀e฀t฀฀฀a฀l฀.฀฀฀(฀1฀9฀9฀6฀)฀.฀฀฀L฀a฀n฀g฀u฀a฀g฀e฀฀฀c฀o฀m฀p฀r฀e฀h฀e฀n฀s฀i฀o฀n฀฀฀i฀n฀฀
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